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PREFACE TO FIRST EDITION 


Manifold as are the applications of photography in all branches of 
science and industry and great as has been the increase in our knowl- 
edge of its basic principles in recent years, comprehensive and ade- 
quate instruction in the subject has been largely neglected by our uni- 
versities and technical institutions. Despite its daily application to 
the practice of almost every branch of science and industry, and in- 
deed in every walk of life, as well as its importance from the stand- 
point of pure science, there is not, within the knowledge of the writer, 
a single university or technical institution in this country which offers 
a thorough and complete course in the science and practice of photog- 
raphy. 

The literature of photography is widely scattered among a large 
number of journals, some of which have long since disappeared, while 
until comparatively recently no worthy attempt had been made to- 
wards the abstracting and indexing of photographic information. 
Excluding papers in the periodical press, photographic literature can 
for the most part be divided into two classes: (1) works of an ele- 
mentary nature designed for the beginner and paying but scant at- 
tention to the fundamental scientific basis of the subject and (2) 
works of an encyclopedic nature designed principally for reference 
purposes, such as Dr. J. M. Eder’s monumental work in German, the 
Ausfiihrliches Handbuch der Photographie and Fabre’s Traite En- 
cyclopedique de Photographie in French. Valuable as these works 
may be, they are not textbooks in the true sense of the word and there 
is in fact no work dealing both with the science as well as the practice 
of photography which is especially adapted for use as a test. 

The present work is an attempt to meet that need. It embraces the 
features which several years’ experience in the teaching of the subject 
has shown the writer to be desirable in a work designed for college 
instruction. No attempt has been made to compile a complete treatise 
on the subject, while at the same time the fact has been kept in mind 
that a superficial treatment of the subject, one which is concerned with 
effects rather than causes and with operations rather than scientific 
principles, is undesirable in a work of collegiate grade. Accordingly 
it has been the aim of the writer throughout to present as clearly and 
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as concisely as possible the fundamental principles of the science of 
photography, omitting nothing of primary importance necessary to an 
understanding of the subject and paying particular attention to the 
proper codrdination of the facts to one another. 

The practical side has not been lost sight of, however, and several 
of the chapters deal with their subject more from the standpoint of 
technique rather than science. These, it is hoped, will render the 
work useful not only to the student but to the practical worker as well. 

An apology, perhaps, is due for the omission of certain subjects and 
for the brief treatment accorded to others. This was, however, to a 
certain extent, demanded by the scope of the work which is that of a 
text rather than a treatise. Accordingly a large number of the un- 
settled controversies have either been omitted, or but briefly treated, 
as it was felt inadvisable to consider in a work of this nature subjects 
which still await satisfactory solution. 

Footnotes throughout the text will show the extent to which I am 
indebted to others, while to the following authorities I desire to place 
on record my appreciation of their invaluable services: Dr. C. E. K. 
Mees, Dr. S. E. Sheppard, Dr. A. P. H. Trivelli, all of the Eastman 
Research Laboratory; Mr. F. F. Renwick; Dr. Walter Clark of the 
British Photographic Research Association; Dr. Hermann Kellner of 
the Scientific Department, Bausch and Lomb Optical Company; Carl 
J. Reich of the Gundlach-Manhattan Optical Company; Mr. George 
E. Brown, Editor of the British Journal of Photography; Mr. Frank 
Roy Fraprie and Mr. E: J. Wall of American Photography; Drs. 
Walters and Davis of the Bureau of Standards; and Miss Bess 
Spence of this institution who has assisted me in seeing the work 
through the press. To all others who have assisted in the preparation 
of this work in any way, a cordial acknowledgment of appreciation is 
also due. 


C. B. NEBLETTE 
CoLLEGE STATION, TEXAS, 1926 
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CHAPTER I 
THE HISTORY OF PHOTOGRAPHY 


Introduction.—Photography is the science of obtaining images 
of objects by the action of light on sensitive substances. The word 
photography is due probably to Sir John Herschel and is derived 
from two Greek words (¢és==light, aypa¢e—=write) meaning to 
draw by light. 

The Development of the Camera Obscura.—lIf all the light is 
shut out of a room except that entering through a small aperture, an 
image of objects outside will be formed on a white screen held a foot 
or so from the opening. No one knows when this simple method of 
forming an image was first observed. The first clear and unmistake- 
able reference to it is in the Problemata of Aristotle published about 
350 B.C. From the time of Aristotle there is no further mention of 
this method of forming an image for several hundred years. Passages 
in the Perspectiva and Opus Majus of Roger Bacon and the Thesaurus 
Opticae of Alhazen are too vague to be considered seriously. 

A manuscript of Leonardo da Vinci which must date from sometime 
prior to 1519 but was not published until 1797 contains a diagram 
showing the arrangement of the aperture, the screen and the course 
of the light rays.1_| That Da Vinci does not refer to it as an invention 
may imply that the principle was already well known. We know for 
a certainty that the principle of the camera obscura was known in 
Italy and also in Germany before Leonardo’s manuscript was pub- 
lished since Maurolycus of Messina in his Photismi de Lumine et 
Umbra ad Perspectivam et radiorum incedentiam facientia, published 
in 1611, treats mathematically the formation of images in this way 
and Erasmus Remhold and his pupil Gemma Frisius early in the 16th 
century employed this method in observing eclipses without danger 
to the eyes. 

Since scientific works of these times were invariably written in 
Latin, and the Latin word for an enclosure or room is camera, a dark- 
ened room with an opening through which light was admitted to form 


1 Venturi, Essai sur les Ouvrages physico-mathématiques de Leonardo da 
Vinci, Paris 1797. 


2 THE HISTORY OF PHOTOGRAPHY 


an image became known in time as a camera obscura. Jean Baptiste 
Porta, often credited with the invention of the camera obscura, was 
only its popularizer. His Magia Naturalis (1553), a compilation of 


Fic. 1. The Camera Obscura. (From an Old Print) 


the pseudo-science and magic, was immensely popular and served to 
make known the principle of the camera obscura to a much larger audi- 
ence than had the scientific works of those who had preceded him. 

Camera Obscura With Lens.—Sometime between the thirteenth 
and the sixteenth century the use of lenses was discovered, or it may 
be more correct to say rediscovered, for the use of lenses for certain 
purposes was known at least as early as the time of the Roman Em- 
peror Nero and possibly at a still earlier period by the Chaldeans and 
Chinese. Roger Bacon seems to have known something of the prop- 
erties of lenses, but just how much is not clear. 

The first definite description of a camera obscura with a lens occurs 
in a work on perspective La Practica della Perspectiva by a Venetian 
nobleman, Daniello Barbaro, published in 1568. Sixteen years later 
(1584) another description of a camera obscura with a lens appears 
in a book of mathematical and physical observations published: by 
Giovanni Battista Benedetti and finally Kepler in his Dioptrice pub- 
lished in 1611 deals at length with the principles of the camera obscura 
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and the advantages of a compound lens over the simple plane convex 
lens described by Barbaro. 

The use of a lens in place of a small aperture improved both the 
definition and the brilliancy of the image. After this time the camera 
obscura became well known and many different models were developed 
for various purposes.” 

Early Photochemistry.—Before proceeding with the develop- 
ment of the camera obscura into the camera, it is more convenient to 
notice some of the early steps which led to the discovery of a means 
of retaining, or fixing, the image formed in the camera obscura. One 
of the many common evidences of the action of light which could 
hardly escape the notice of man, even in the savage state, is the tan- 
ning of the skin. This action is so slow, however, that it is not suf- 
ficiently striking to excite more than casual attention. 

Since in general photography is concerned with light-sensitive com- 
pounds of silver we may pass over those observations of the alchemists 
of the middle ages on the alteration of other substances upon exposure 
to light or the atmosphere. The first observations of the sensitivity of 
silver salts, recorded by Pliny in the first century, are only a record of 
the action of the atmosphere on metallic silver. In the eighth century 
Geber observed the darkening of silver nitrate, and Georgius Fabricus, 
in 1556, the darkening of horn silver, a crude form of silver chloride 
found in the mines of Frieburg; which both attributed to the action 
of vapors in the atmosphere. That the darkening of silver salts, and 
particularly silver chloride, is due to light and not to the action of 
various vapors of the atmosphere was definitely recorded by Johann 
Heinrich Schulze in 1727 (Fig. 2). Schulze coated paper with a 
solution of silver chloride and by exposing it to light made copies of 
stencils cut in black paper. For this achievement he has been termed 
the discoverer of photography, but this is unfair to others as he did not 
attempt to use the camera obscura nor was he successful in finding a 
means of rendering the image permanent. When exposed to light it 
rapidly darkened all over.’ 

Carl Wilhelm Scheele, the great Swedish chemist, investigating 
the chemical changes involved in the darkening of silver chloride, dis- 


2See Von Rohr & Court, Phot. JI. 75 (1035), 54. 
3 A translation of Schulze’s paper appeared in Phot. JI. 38 (1808), 53. 
For readers of German there is an interesting biography of Schulze by Eder 
—Johann Heinrich Schulze, Wein, 1920. 


Warernouse—History of the Camera Obscura. Phot. J., 40 (1900), 270. 
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covered that the material was decomposed to silver with loss of chlo- 
tine. He also noted the difference in the rates of darkening obtained 
with light of different colors. Scheele, remarks Dr. S. E. Sheppard,* 


Fic. 2. Johann Heinrich Schulze. (From Eder, Handbuch) 


should be regarded as the founder of the photochemistry of the silver 
salts. The closing years of the eighteenth and the nineteenth century 
witnessed a large number of observations on the action of light on 
various substances, but as these played no part in the invention of 
photography they may be passed over. 

The Beginnings of Photography—Wedgwood & Davy.—The 
first definite step towards the discovery of photography was made by 
Thomas Wedgwood, fourth son of the great English potter, at the 
turn of the century. Wedgwood, together with Humphrey Davy, then 
a rising young chemist, repeated the work of Schulze with silver ni- 
trate. They were able to make prints of leaves and similar objects, 

4J. Chem. Ed. 4 (1927), p. 300. 


WaTERHOUSE—The Development of Photography with Salts of Silver. 
Phot. J., 43 (1903), 159. 
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but were unable to prepare a paper sufficiently rapid to permit its use 
in the camera obscura. Davy made some important additions to the 
work of Schulze. He found that silver chloride was more sensitive 


Fic. 3. Thomas Wedgwood. (Chalk drawing, author unknown) 


than silver nitrate, and that by using the concentrated light of a solar 
microscope, he was able to secure images of small stationary objects. 
But neither Wedgwood nor Davy were able to find a means of “ fix- 
ing” the image or dissolving the unacted-upon silver salt so as to 
render the image permanent. The poor health of Wedgwood was 
no doubt partly responsible for this, and the whole subject was abruptly 
terminated by his death at the early age of thirty-one years. After 
his death, a joint paper, written probably by Davy, was brought before 
the Royal Institution and appeared in the Journal for 1802 under the 
following title: An Account of a Method of Copying Paintings upon 
Glass, and of Making Profiles by the Agency of Light on Nitrate of 
Silver, by T. Wedgwood with observations by H. Davy. 
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Niepce.—The first to produce a permanent image was Joseph 
Nicephore Niepce, who was born at Chalons, France, in 1765 and died 
in 1833. Unfortunately Niepce left no written account of his work 
and our only source of information is his correspondence with his 
brother Claude who lived in London during most of the time Nicephore 
was occupied with these investigations. We know that he became very 
much interested in the process of lithography, and in 1813 experi- 
mented with silver chloride in an effort to copy designs on the stone 
so as to save lithographers the labor of transferring the drawing by 
hand. In 1826 he discovered that bitumen, or “ Jews’ pitch,” which 
is originally soluble in oil of lavender or other essential oils, is rendered 
insoluble upon exposure to light. 


(Courtesy of the Société Francaise de Photographie) 
Fic. 4. Joseph Nicephore Niepce 


Metal plates coated with a layer of bitumen were exposed beneath 
the transparent tracing to be reproduced, then bathed in oil of lavender 
which removed the bitumen from the unexposed portions of the plate 
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leaving bare the metal base. These portions were then etched in an 
acid bath, the bitumen remaining in the exposed portions acting as a 
resist ; thus producing an image in relief from which Niepce was able 
to make a paper print in an ordinary printing press by applying ink 
to the raised portion. A print 
produced in this manner by Niepce 
in 1826 is shown in Fig. 5. 
Niepce was successful this same 
year in the use of the camera 
obscura® but the exposure re- 
quired by this process was enor- 
mous—from 6 to Io hours in 
bright sunlight—and the results 
were flat and lacking in contrast 
and detail, so that while Niepce 
was the first to make a permanent 
photograph, his process was of 
little practical value. 
Daguerre.—The first to de- 
velop a practical process was ae 
Louis Jacques Mande Daguerre,  Fyg. 5, A Heliographic Print by 
born at Cormeilles, near Paris, Niepce, 1826 
in 1787, and died Petit-sur- 
Marne 1851. As a scene painter, Daguerre had used the camera 
obscura in a series of panoramic paintings of the cities of Europe; 
and it was undoubtedly this which induced him to undertake the 
fixing of the image by the action of light on a light-sensitive sub- 
stance. His investigations began apparently about 1824. Two years 
later he received word, probably from Chevalier, an optician from 
whom he had purchased some of the apparatus necessary for his 
experiments, that the subject was occupying the attention of a man 
in the Provinces, one Joseph Nicephore Niepce. Daguerre imme- 
diately wrote to Niepce suggesting an exchange of secrets, but Niepce 
was distrustful of Daguerre, who by now was a popular figure 
in Paris, owing to his invention of the Diorama. Not until 1827, 
when he met Daguerre while on a trip to his brother Claude in Eng- 
land, were cordial relations established between the two investigators. 
In 1829 the two signed an agreement of partnership to continue for 
ten years, during which each would work to their mutual advantage. 


5 Cromer, Bull. Soc. frang. Phot., 1922, 9, 69. 
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After the death of Niepce in 1833, if not before, Daguerre discarded 
the methods of the older investigator and returned to the silver salts. 
In 1835 he advised Isidore Niepce, who had succeeded to his father’s 
interest in the partnership, that he had reached a certain amount of 


Fic. 6. Louis Jacques Mande Daguerre 


success. After two years more spent in perfecting details, a com- 
pany was formed to buy out the process for the sum of 200,000 francs. 
This company, however, was a failure and the two then appealed to 
the Government. On the recommendation of the Home Minister, the 
House of Deputies approved a bill bestowing upon Daguerre a life 
pension of 6,000 francs yearly and one of 4,000 francs upon Isidore 
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Niepce on the condition that the invention be published without patent, 
this life pension to the inventors being paid by France “ for the glory 
of endowing the world of science and art with one of the most sur- 
prising discoveries that honor their native land.” 

On August 10, 1839, the details of the process were made public 
by Daguerre himself at a meeting of the Academy of Sciences. A 
silver plate, or a copper plate covered with silver, was polished and 
then exposed to the vapors of iodine to produce a light sensitive layer 
of silver iodide. After an exposure within the camera, which at the 
time amounted to as much as 10-20 minutes, but was later reduced to 
a. few seconds, the invisible image was brought out or “ developed ” 
by exposing the surface of the plate to mercury which is heated. The 
mercury, by attaching itself to the unexposed portions of silver iodide, 
produces a positive image. To render the image permanent the un- 
exposed silver iodide remaining was removed by placing the plate in a 
solution of common salt (sodium chloride). Salt was soon replaced 
as a fixing agent by sodium thiosulfate, the properties of which had 
been published by Herschel in 1819, twenty years earlier. 

Daguerre’s early plates required an exposure of 10-20 minutes but 
the following year Goddard, of London, discovered the superior sensi- 
tivity of silver bromide and one year later the exposure was reduced to 
a few seconds by the introduction by Voightlander of a rapid portrait 
lens from the calculations of Josef Petzval of Vienna. 

William Henry Fox-Talbot.—Meanwhile, in England, William 
Henry Fox-Talbot (1800-1877) was assiduously engaged in an 
attempt to fix the image of the camera obscura. Talbot relates in his 
Pencil of Nature, published in 1844, that in 1833 he was sketching 
with a camera obscura on the shores of Lake Como but without much 
success, owing to his inability to draw well. Returning to England 
in January of the following year, he determined to follow up the 
work of Wedgwood and Davy. His first experiments were unsuc- 
cessful as the paper was not sufficiently sensitive to light. Later 
(1835) he found that the sensitiveness of the paper was greatly in- 
creased by giving it successive washings, first with a solution of 
common salt, then a solution of silver nitrate and finally exposing it 
while still wet. In addition he found that a strong solution of common 
salt would dissolve the unexposed silver chloride and render the image 
permanent. With paper so prepared he made a photograph of his 


TENNANT-Woops—Early Daguerreotypers in the United States. Brit. J. 
Phot., 67 (1920), 420. 
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home, Lacock Abbey, the same year (1835). Talbot did not publish 
the results of his work immediately, desiring to perfect the process, 
but upon news from Paris of Daguerre’s discovery he sent a brief 
communication of the process, which he termed Photogenic Drawing 


Fic. 7. William Henry Fox-Talbot 


to the Royal Institution, and a week later (January 31, 1839) Talbot 
himself read a paper on his process before the Royal Society. This, 
it will be noted, was almost eight months before the details of the 
Daguerreotype process were made public. 

In 1840 Talbot patented his Calotype (beautiful picture) process. 
In this process thin, transparent paper was first soaked in a solution 
containing silver iodide, and then immediately before exposure it was 
washed over with a solution of gallic acid and silver nitrate. After 
an exposure of about one minute the paper was developed in gallic 
acid. Talbot had at last grasped the idea of a developer for bringing 
out a latent invisible image and thus reducing the exposure. After 
fixing and drying, prints were made by exposing another sheet of paper 
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underneath the negative, developing in gallic acid, and fixing in hypo 
(sodium thiosulfate) .® 

Negative Processes on Glass.—Paper is not a satisfactory me- 
dium for negatives and attempts were made by Herschel as early as 
1840 to use glass. These attempts, however, were unsuccessful as he 


Fic. 8. Scott-Archer (Drawing from old print) 


did not appreciate the fact that images of sufficient density can be 
obtained only in the presence of albumen, collodion, gelatin or a similar 
substance capable of holding the light sensitive substance in place on 
the glass. The need for such a substance was recognized by Niepce 
de Saint Victor, a nephew of Nicephore, who in 1847 described a 
process employing albumen secured from the white of an egg. Fred- 
erick Scott Archer, of London (Fig. 8), worked out in 1848 and 

6It is practically certain that in the use of gallic acid as a developer, Talbot 


was anticipated by an English clergyman, J. B. Reade. Reade’s work, however, 
was unknown at the time. 
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published in 1851 a process employing collodion which was so suc- 
cessful that it speedily supplanted all other processes and remained in 
general use for over thirty years. 

Collodion, a viscid medium formed by dissolving gun-cotton in 
alcohol and ether, was discovered by Maynard, of Boston, in 1847. 
Archer’s process is termed wet- 
collodion because the glass must 
be coated, the exposure made and 
developed before the collodion has 
dried. A clean glass plate was 
first coated with collodion to 
which a soluble iodide, such as 
potassium iodide, had been added. 
The plate was then sensitized by 
immersion in a bath of silver 
nitrate, exposed in the camera 
while still wet and developed at 
once, using a solution of pyrogallol 
and silver nitrate, and finally fixed 
in sodium thiosulfate, or hypo. At 
no stage in the process may the 
collodion become dry or the pic- 
ture will be lost; hence, when 
making pictures out-of-doors it 

Fic. 9a. The Wet Collodion Proc- ate ore ee 
ess in the Field—Photographer with ‘emt in which to prepare the plate 
Pack and, after the exposure, to develop 

it. Some idea of the labor and 
inconvenience involved in making a photograph in those days can 
be obtained from Fig. 9a which shows the pack carried by the pho- 
tographer and Fig. gb, the photographer at work in the field. 

In the years which followed, attempts were made to prepare plates 
which would keep and thus avoid the necessity for a darkroom when 
making pictures away from the studio. Most of these processes in- 
volved the addition of hygroscopic substances to prevent the collodion 
from drying. The most successful of such processes were those of 
Taupenot (1855) in France and Norris (1856), of Birmingham. In 
the first, the plate, after having been coated with collodion in the usual 
manner, was coated a second time with albumen and then allowed to 
dry. It was then immersed in a bath of silver nitrate, washed and 
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dried. The process patented by Norris was similar except that gela- 
tin was employed in place of albumen. 

In 1864 Sayce and Bolton discovered a practical means of preparing 
a collodion emulsion. To prepare a so-called emulsion (photographic 


Fic. 9b. The Wet Collodion Process in the Field—Laboratory in the Field 


emulsions are in reality suspensions) silver nitrate was added to iodized 
collodion ; this produced silver iodide by precipitation rather than by 
immersing the collodion-coated plate in a solution of silver nitrate. 
After coating, the plates were immersed in a solution of tannin which 
acted as a preservative and retained the permeability of the collodion. 
All of these processes were considerably slower than wet-collodion and 
did not find much acceptance except among landscape photographers. 

Gelatin Emulsion.—The first recorded application of gelatin 
to photography is the unsuccessful attempt of Niepce de Saint Victor 
to use gelatin as a vehicle for holding silver iodide to glass plates. 
Gelatin, however, became soft and frequently left the glass when the 
plate was placed in the nitro-acetic silver bath used for sensitizing 
and was discarded, as we have seen, for albumen. Attempts were 
made by Gaudin (1853) to prepare what might be termed gelatino- 
iodide emulsion but his process was not practical. His work, how- 
ever, led him to recognize the fact that silver bromide is more sensitive 
than silver iodide in the presence of gelatin. In 1868 Harrison de- 
scribed a method of emulsifying silver bromide in gelatin but the re- 
sults were unsatisfactory. 

Two years later a notable advance was made by an English physician 
and amateur photographer, R. L. Maddox, who was the first to prepare 
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a gelatino-bromide emulsion capable of producing satisfactory results. 
In the method described by Maddox, silver bromide was formed in 
gelatin by precipitation in the presence of an excess of silver. The 
emulsion thus prepared was coated on glass plates without further 
treatment and dried. After exposure, the latent photographic image 
was developed with pyro, intensified with pyro and silver nitrate, and 
fixed in hypo. Maddox does not appear to have realized the need for 
washing the emulsion to remove the excess silver salts, although this 
was the general practice with collodion emulsion processes which were 
well known by this time. Consequently his emulsion was very slow 
and suitable only for contact printing. Thus, while it marks an epoch 
in the development of photography, the process of Maddox was far 
from perfect. 

Very little attention was paid to the work of Maddox at the time 
but two years later gelatino-bromide emulsion was advertised in the 
British Journal of Photography by Burgess. The method used in its 
preparation was never published and the venture was unsuccessful 
financially ; he did succeed, however, in proving that excellent results 
could be obtained with gelatin emulsion and with an exposure no 
greater than that required with the wet-collodion process then in gen- 
eral use. 

A noteworthy advance was made the same year (1873) when King 
and Johnson independently recognized the importance of removing the 
superfluous salts in the emulsion and described means for their removal. 
King’s method consisted in placing the emulsion in a bladder, which 
was then immersed in water to wash out the soluble salts. Johnson’s 
method consisted in chilling the emulsion, then cutting it up into fine 
shreds and washing the shreds in running water for several hours. 
Johnson also drew attention to the advantages in emulsification of 
an excess of soluble bromide. 

These advances made possible for the first time the preparation of a 
really satisfactory emulsion of silver bromide in gelatin. The wet- 
collodion process began to disappear and from 1873 on the history 
of negative processes is the history of gelatino-bromide emulsion. 

The following year, gelatino-bromide dry plates were placed on the 
market in England by the Liverpool Dry Plate Company. The term 
dry plate was adopted to distinguish the process from wet-collodion. 
Four years later (1878) Bennett, of London, showed that the sensi- 
tiveness of a gelatino-bromide emulsion is considerably increased if 
kept for several days at a temperature of 90 to 95° F. The following 
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year Mansfield showed that this long and troublesome process might 
be avoided by precipitating the silver bromide in a part of the gelatin, 
boiling this for a few minutes, and then adding the remainder of the 


Fic. 10. Richard Leach Maddox 


gelatin when the solution had cooled. This procedure so greatly in- 
creased the sensitivity of gelatin emulsion that an instantaneous dry 
plate was advertised by Wratten & Wainwright in the British Journal 
Photographic Almanac of 1870. 

This same year Monkhoven, of Belgium, suggested that the increased 
sensitiveness produced by heating the emulsion is due to a change in 
the molecular state of the silver bromide and stated that the same re- 
sult might be secured by the addition of ammonia. Eder, of Vienna, 
perfected a process based upon ammoniacal silver the following year. 
Abney, in England, called attention to the advantages of employing a 
small amount of silver iodide in gelatino-bromide emulsion. 

By this time manufacturers of dry plates were established in Eng- 
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land, in Belgium and in the United States; and within the next few 
years collodion was completely displaced except for some specialized 
fields, such as photo-engraving, where it is in use today. 

Emulsion Supports for Negative Purposes.—Paper was used as 
a support for the emulsion until 1851 when the wet-collodion process 
of Scott-Archer using glass plates was introduced. Efforts to replace 
glass began in 1877 when Palmer was successful in preparing flexible 
films of gelatin on which the emulsion might be coated. These, how- 


Fic. 11. George Eastman 


ever, were not successful commercially. Gelatino-bromide emulsion 
on layers of hardened gelatin or collodion was placed on the market 
between the years 1879 and 1881 by Stebbing, Ferrier and Pumphrey. 
In 1884 Eastman in America patented stripping film. This stripping 
film consisted of paper coated with a thin layer of soluble gelatin which 
in turn was coated with a gelatino-bromide emulsion. After develop- 
ing and fixing, the image was stripped from the paper support and 
dried on glass. This film was supplied in rolls and a roll holder was 
provided to adapt it to the plate cameras then in common use. From 
the standpoint of the general public this was a great advance, but the 
process was still intricate and difficult for the amateur because of the 
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delicate handling demanded in transferring the image from the paper 
to the final glass support. Four years later (1889) the stripping film 
with its paper base gave way to a transparent base of nitrocellulose 
introduced by the Eastman Dry Plate and Film Company of Roches- 
ter, New York, U. S. A. The introduction of a daylight loading 
camera two years later (1891) brought photography within the reach 
of all. 

History of Color Sensitizing and Color Sensitive Materials.— 
The sensitivity of the silver halides lies almost exclusively in those 
portions of the spectrum which produce the visual sensation of blue 
and violet and in the invisible ultra-violet. In 1873, Vogel of Berlin 
observed that a certain collodion emulsion which had been dyed with 
a yellow dye to prevent halation had a different sensitivity from those 
which had not been dyed. This effect was traced to the dye and thus 
was discovered the principle of dye sensitizing. Continuing his in- 
vestigation, Vogel found a number of dyes which act as sensitizers, 
the most important being cyanine and quinoline red (1884) neither of 
which is in use today. In 1874 Waterhouse of London found that 
eosin was a yellow-green sensitizer for collodion emulsion and Clayton 
and Tallifer patented in England and France its use with gelatin 
emulsion. Eder of Vienna found that erythrosin, the iodine analogue 
of eosin, was still better and for a number of years it was the best 
known sensitizing dye for the green region. Shortly thereafter dry 
plates sensitized with erythrosin were placed on the market by most 
manufacturers as orthochromatic or isochromatic plates. 

In 1902, Miethe and Traub discovered the sensitizing properties of 
Ethyl red, an analogue of cyanine, and the following year Koenig of 
the Hoechst dye works introduced in rapid succession a number of 
yellow and green sensitizers the more important being Orthochrome, 
Pinaverdol, and Pinachrome. A satisfactory red sensitizer was not 
discovered until 1906 when Homolka, of the Hoechst dye works, dis- 
covered a carbocyanine dye which was introduced as Pinacyanol. 
Panchromatic plates sentitized with pinachrome and pinacyanol were 
placed on the market in 1906 by the firm of Wratten and Wainright 
in England. 

In recent years the work of Mills, Hamer, Pope, Brooker and others 
has made available a number of new sensitizers much more efficient 
than those previously known. These new sensitizers are derived 


THEISEN—The History of Nitrocellulose as a Film Base. J. Soc. Mot. 
Pict. Eng., 20 (1933), 259-266. 
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from thiazol bases rather than quinoline and have the advantage over 
the older sensitizers of not lowering the general sensitivity of the 
emulsions nor increasing fog. In fact with some, fog is less than with 
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the same emulsion not color sensitized. This is particularly the case 
with slow, fine-grain emulsions. The introduction of panchromatic 
materials of the hyper-sensitive and super-sensitive types in 1928-1930 
marks a new epoch in the history of photographic negative materials. 
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Shortly after the introduction of Pinacyanol, the Hoechst dye works 
discovered the first sensitizer for the infra-red, Dicyanine. This, 
while a good sensitizer for the infra-red, is unstable and tends to fog 
badly so that in practice it cannot be relied upon to yield satisfactory 
results. 

In 1919, Adams and Haller of the U. S. Bureau of Chemistry pre- 
pared a new dye similar chemically to pinacyanol but sensitizing spe- 
cifically in the infra-red with a maximum action at 750 mp. This was 
termed kryptocyanine. It was many more times powerful as a sensi- 
tizer for the near infra-red than Dicyanine and quite free from fogging 
tendencies. In 1925, H. T. Clarke of the Kodak Research Labora- 
tories separated a new dye from kryptocyanine with a maximum at 
850 mp. This was termed Neocyanine. 

The sensitizing properties of the tricarbocyanine dyes were discov- 
ered in 1930. The sensitizing action of these extends much further 
into the infra-red; Xenocyanine, described by Brooker, Hamer and 
Mees,’ sensitizes to 1100 mz with a maximum at 9g80mpz. Still more 
recently (1935) an investigation of the tetra- and penta-carbrocyanine 
by Brooker, Keyes, Koenig and others has resulted in the discovery 
of several dyes whose sensitizing action extends still further into the 
infra-red. These have made possible the photography of spectral 
lines beyond 1300mp. The discovery of efficient sensitizers for the 
infra-red such as Kryptocyanine, Neocyanine and Xenocyanine has 
made possible infra-red sensitive plates and films suitable not only for 
spectrography but for general photography, the motion picture in- 
dustry and aerial photography. 

The following chart illustrates diagrammatically the progress which 
has been made in the sensitizing of photographic materials since 1873 
although, of course, it does not indicate differences in the sensitizing 
powers within a certain spectral range, nor differences in dyes with 
respect to effect on general sensitivity or fogging tendencies.® 

History of Developing Substances.—The existence of a latent 
image and the possibility of converting such an image into a visible one 
through chemical treatment appears to have been discovered by Da- 
guerre, who quite by accident found that mercury was attracted by the 
exposed silver halide thus converting an invisible image into a visible 
one. 

7J. Opt. Soc. (Amer.) 23 (1933), 216. 

8 This diagram represents a modification of one used by Mees. Nature 137 
(1936), 729. 
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Talbot introduced the use of a solution of gallic acid as a developer 
for silver chloride with his Calotype process (1842) although its prop- 
erties had been discovered some years previously by an English clergy- 
man and microscopist, the Rev. J. B. Reade. 

The oldest of the developing agents now in general use is pyrogallol, 
which was introduced by Scott-Archer with his wet collodion process 
in 1852. Pyrogallol was not used in an alkaline solution, however, 
until 1862, nor was sodium sulfite used as a preservative until 1882. 

Ferrous sulfate was introduced by Hunt in 1844 and remained in 
general use until the wet-collodion process was superseded by gelatino- 
bromide emulsion. Even then it continued to be used by many of the 
older workers for some years. 

The developing properties of hydroquinone were discovered by Ab- 
ney, of London, in 1880 and those of pyrocatechin, which is closely 
related chemically, by Eder and Toch, of Vienna, the same year. 

The years between 1888 and 1900 witnessed great activity in the 
field of developing agents; the developing properties of paraphenylene 
diamine were discovered in 1888 by Andresen. A year later Andre- 
sen introduced Eikonigen (sodium-amido-f-naphthol-8-sulfonic acid) 
whose properties as a developer had been discovered by Meldola. Two 
years later (1891) the firm of Hauff introduced Metol (monomethyl 
paraminophenol sulfate). This was followed by diaminophenol or 
Amidol (1892); Ortol (a combination of hydroquinone and methyl- 
ortho-aminophenol) in 1896 and Adurol (monochloro-hydroquinone 
or chloroquinol) in 1898. Eikonigen has been superseded by metol, 
and Ortol is but little used today, but the other three remain in general 
use with metol the most popular. Edinol, the sulfate of oxymethyl 
paraminophenol, was introduced by Bayer in Igor. 

The Brothers Lumiere are responsible for a number of developing 
agents; Metoquinone, a chemical mixture of metol and hydroquinone 
(1903) ; Chloranol, a combination of hydroquinone and methyl-par- 
aminophenol (1913) ; and Hydramine, a chemical combination of hy- 
droquinone and paraphenylene (1899). 

Among organic developing agents no longer available but once popu- 
lar may be mentioned Duratol, a benzyl-paramenophenol, introduced 
by Schering in 1910; Diogen, introduced by Agfa (1893) and said to be 
sodium-alpha-amido-naphthol-disulfuric acid; Monomet (para-amido- 
ortho-cresol-hydrochloride), introduced in England by the White Band 


Company 1916; and Neol, introduced by Hauff in 1918 and stated 
to be para-aminosalicylic acid. 
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Alkaline development appears to have been discovered by Major 
Russell and Leahy independently (1862). Ammonia was first used 
but was later replaced by the caustic alkalis and the alkaline carbonates 
such as sodium carbonate. The use of sodium tribasic phosphate was 
suggested by Lumiere in 1906 and is finding some favor today in fine 
grain developer formulas. Acetone and formaldehyde were introduced 
by Lumiere in 1896 and 1898. The former is now seldom used but 
formaldehyde is used in a number of developers for use with films 
designed for photo-mechanical purposes. Borax and certain related 
compounds have come into general use in recent years in fine grain 
developers. The first developing formulae of this type to become 
popular were those of Wellington and Capstaff.® 

The use of sodium sulfite as a preservative in solutions of organic 
developers appears to be due to Berkley (1882). Acid sulfites such as 
potassium meta-bisulfite and sodium bisulfite were recommended by 
Mawson and Swan (1887). 

Development of Printing Processes with Silver Salts.—For 
printing from negatives made by his Calotype process Talbot employed 
what we term today the salted paper process. Paper of suitable sur- 
face is immersed in a weak solution of salt, after which it is dried. 
Just before use it is sensitized by immersion in a solution of silver 
nitrate and dried, exposed to light beneath the negative until sufficiently 
dark and fixed in hypo. Le Gray introduced the toning of the print 
with gold chloride as a means of improving the color in 1849. 

The incorporation of albumen with the salting solution to give the 
paper a gloss finish and keep the silver salts on the surface appears 
to have been suggested by Le Gray although often credited to Fox- 
Talbot. For more than 30 years albumen paper was practically the 
only process of printing in general use. Paper coated with albumen 
was supplied ready for sensitizing in a solution of silver nitrate by 
the photographer. In 1870 Adolph Ost of Vienna discovered that 
the addition of a citrate enabled the sensitized paper to be kept for 
several months which made it possible to supply the photographer 
with ready-sensitized paper. 

A method of using collodion in place of albumen was described by 
G. Wharton Simpson in 1864 and collodio-chloride of silver papers 
were introduced commercially by Obernetter, of Munich, two years 
later, but the process did not attract much attention until the intro- 


9 Capstaff & Seymour: Amer, Phot, 21 (1927), 98. 
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duction of a much improved product by Liesegang, of Dusseldorf, in 
1886. 

Gelatino-chloride papers appear to have been first employed by 
Palmer and Smith as early as 1866, but no details were published. 
Full details for the preparation and use of gelatino-chloride papers 
were published by Abney in 1882 and were introduced commercially 
two years later by Obernetter, of Munich, and a few years later by 
Liesegang, of Diisseldorf, and Ilford of London. 

The above papers are all members of the class known as printing- 
out papers; that is, they produce a visible image upon exposure and 
there is no after development. The now popular developing papers 
appear to have had their prototype in a process used by Blanquart- 
Evard in 1851, but it was not until 1874, after paper coated with 
gelatino-bromide emulsion had been introduced by the Liverpool Dry 
Plate Company, that developing papers made any headway. In 1880 
Morgan and Kidd established a factory at Richmond (England) and 
in 1885 Eastman, of Rochester, introduced the machine coating of 
paper in the roll with gelatino-bromide emulsion, after which gelatino- 
bromide paper began to assume importance as a printing process. 

Directions for the preparation and use of emulsions of silver chlo- 
ride for positive printing were published by Eder and Pizzighelli in 
1881. The first papers of this type were introduced commercially 
by Dr. E. Just, of Vienna, in 1883 and shortly afterward in England 
by Edwards and Warneke, but “ Velox,” introduced in America by 
the Nepera Chemical Company from the formula of Dr. Leo Baeke- 
land, was the first to achieve wide popularity. Its successful intro- 
duction paved the way for a large number of similar papers in all 
important countries. 

The use of gelatino-chloro-bromide emulsions for positive prints 
was introduced also by Eder and Pizzighelli in 1883. Chloro-bromide 
emulsions are especially adapted to the production of warm-tone im- 
ages and papers of this type are widely employed for portrait work 
at the present time. 

Platinum Printing Processes—The sensitiveness of certain 
compounds of platinum especially in the presence of an organic salt, 
such as ferrous oxalate, was observed by Herschel in 1832. Robert 
Hunt, in 1854, attempted to develop a printing process employing 
platinum chloride and ferric oxalate but was unsuccessful. The first 
practical process was patented by William Willis of London in 1873. 
In this process paper coated with potassium chloroplatinite and ferric 
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oxalate is exposed under the negative until a faint image appears. It 
is then placed in a solution of potassium oxalate, in which the reduced 
iron salt is soluble, and as it is dissolved by the oxalate, it attacks the 
platinum compound reducing it to the metallic state. 

A direct printing out process requiring no development was per- 
fected by Hubl and Pizzighelli but has never been widely used. 

Printing Processes Employing Compounds of Chromium.—The 
observation that certain compounds of chromium are sensitive to light 
appears to be due to Mungo Ponton, an Englishman, who in 1839 dis- 
covered that paper soaked in a bichromate and dried was sensitive to 
light. The following year Becquerel found that gelatin, gum, and 
similar substances are rendered insoluble when exposed to light in the 
presence of a bichromate. In 1855 Alphonse Poitevin patented a 
process of printing in which paper with a layer of gelatin containing 
a pigment was sensitized in potassium bichromate and exposed to light. 
Then upon washing in water, the soluble gelatin in the unexposed por- 
tion washed away leaving an image formed by the pigment held in the 
insoluble gelatin. Poitevin’s results were unsatisfactory as were those 
of John Pouncy, of Dorchester, who patented a similar process in 1858. 

Laborde the same year pointed out that in the half tones only the 
upper portion of the gelatin layer is rendered insoluble on exposure, 
as the lower strata remain soluble, so that the image washes away. 
To avoid this, Blair, Burnett and Schouwaloff independently and al- 
most at the same time (1858) suggested that the exposure be made 
through the paper so that the exposed layers would lie next to the 
base of the paper. Fargier in 1860 coated the exposed film with col- 
lodion and then washed away the soluble gelatin from the back. Pig- 
ment printing was placed on a practical basis by Swan when he pat- 
ented carbon tissue in 1864. The carbon tissue, which is simply paper 
coated with gelatin and a suitable pigment, is sensitized with a bichro- 
mate, dried and exposed. The gelatin layer is then transferred to 
another support thus placing the soluble gelatin on the surface from 
which it is removed by washing in water. 

Gum-bichromate is a non-transfer process of pigment printing based 
upon the original work of Poitevin and Pouncy. Washing away of 
the highlights is to a large extent prevented by using a thin layer of 
pigmented gelatin and building up an image by successive printings. 
The process was brought to the front about 1895 largely as a result 
of the pictorial work of Demachy, Puyo and other French pictorialists. 

Marion, in 1873, found that paper immersed in a solution of potas- 
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sium bichromate, dried and exposed to light under a negative so as to 
form a faint image, will transfer the image to a sheet of carbon tissue 
left in contact with it for some time. Manly in 1899 patented a similar 
process which was termed Ozotype and in 1905 another known as 
Ozobrome. Inthe latter a sheet of carbon tissue was soaked in a solu- 
tion of potassium bichromate, ferricyanide and bromide. The sheet 
of carbon tissue is placed in contact with a bromide print for several 
minutes, transferred to another support and developed by washing in 
water as usual. The bromide print thus takes the place of the negative 
and there is no exposure to light. Ozobrome was revived in an im- 
proved form by H. F. Farmer in 1919 as Carbro—carbon from bro- 
mides—and has proved quite successful. 

The Development of the Oil, Bromoil and Powder Processes.— 
A second process was worked out and patented by Poitevin in which 
a bichromated gelatin film without pigment was exposed under a 
negative. This gelatin film upon exposure to light under the negative 
became more or less insoluble in various portions according to the 
gradations of the negative. When immersed in water, the soluble 
gelatin absorbs water and becomes so charged with water that it will 
repel a greasy ink, while the shadows, being insoluble, do not absorb 
water and will accept the ink. Accordingly when a roller charged 
with greasy ink is passed over the print, an image is formed in greasy 
ink which adheres to the shadows but not to the highlights of the print. 
This process was the forerunner of a number of photo-mechanical 
processes, which are beyond the scope of this work, and the oil, brom- 
oil and powder processes. 

Two years before (1853) the Duc de Luynes through the Société 
Francaise de Photographie had offered a prize of 10,000 francs to the 
person discovering a process by which absolutely permanent prints 
might be produced. The President of the Société, M. Regnault, the 
famous chemist, in announcing the offer called attention to the perma- 
nency of carbon and suggested that experiments be conducted with a 
view to obtaining prints in carbon. Two Frenchmen, Garnier and 
Salmon, starting from Poitevin’s patent of 1855 worked out a process 
in which the bichromated gelatin was exposed to light under the nega- 
tive, soaked in water, and then pure finely divided carbon dusted over 
it. The carbon adheres only to the unexposed parts and in this way 
an image is secured. This was the beginning of the so-called powder 
processes. 


Rawlings’ process of oil printing (1904) is actually little more than 
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a modification of the process covered by Poitevin’s patent of 1855. 
Rawlings advised the use of brushes rather than a roller for applying 
the ink; thus it was possible to control the various tones of the print 
by varying the amount of ink deposited. This feature served to at- 
tract various workers who wished to have a ready means of altering 
the tone values of their prints and the process rapidly gained in 
popularity among pictorialists. 

In 1889, Howard Farmer found that when a gelatin film containing 
finely divided silver, as in a negative or positive, is immersed in a 
bichromate, the gelatin in contact with the metallic silver is rendered 
insoluble exactly as though it had been exposed to light in these por- 
tions. Upon this property of a bichromated colloid is based the brom- 
oil process. The first suggestion of the rationale of this process is due 
to E. J. Wall. It was taken up and worked out practically by C. Wel- 
borne Piper. 

The Development of the Camera.—Nicephore Niepce, writing in 
1816, describes what was probably the first photographic camera as 
being a box about 6 inches square with a sliding tube carrying the lens. 
One of the earliest cameras known to have been used by Daguerre is 


Fic. 13. Cross Section Daguerre’s Camera 


shown in Fig. 13. The mirror at the back was to erect the image for 
focusing. The camera is focused by means of the rack and pinion on 
the lens. Later Chevalier built for Daguerre a camera in which the 
body was divided into two sections (Fig. 14), one sliding within the 
other and clamped by a screw working in a slot on the baseboard. 
Although known at an earlier date, the bellows was not generally used 
until in the fifties. 
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In the period between 1850 and 1860 the photographic camera be- 
gan to assume the appearance of the familiar view camera of today 
although it was much larger, heavier, and clumsier to use. Rising 
and sliding fronts appear to have been the first of the now familiar 


Fic. 14. Early Camera. (Fabre, Traité Encyclopédique de Photographie 1889) 


adjustments to be added (1847) but by 1860 the swing back had ap- 
peared. This was followed after a lapse of nearly twenty years by the 
reversing back and still later by the swing front which did not appear 
until 1895 when it was introduced by Sanderson of Cambridge (Eng- 
land). Stand and portrait cameras have not changed fundamentally 


Fic. 15. Detective Camera in Hat. (Eder, Ausftthrliches Handbuch der 
Photographie 1893) 
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in design in the last twenty-five years despite the different types and 
constructions that have been evolved. 

While a small camera for instantaneous exposures in the hand 
was designed by Skaife in 1858, there was little interest in hand cameras 
until the late seventies when wet-collodion had begun to give way to 
gelatino-bromide dry plates. Because the earliest hand cameras were 
intended principally for making pictures without attracting the atten- 
tion of the subject, they were usually disguised as books, as opera 
glasses, or hidden in the hat or under the vest (Fig. 15). Shortly 
thereafter magazine cameras appeared, ‘These were so designed that 
a number of plates might be placed in the camera and exposed before 
reloading, Various devices were employed for changing the plates; 
one of the best known is shown in Fig. 16, 


ia, 16. Magazine Camera from Eder, Ausfihrliches Handbuch der 
Photographie 


Many of the features of the reflex camera were anticipated in a 
camera designed by Thomas Sutton of England in 1860, In this 
camera, the image was reflected to a horizontal focusing screen by a 
mirror which was swung up out of the way before making the expo- 
sure. The primary purpose of the design was to enable the image 
to be seen “right side up” on the focusing screen and the intercon- 
nection of the mirror and the shutter which forms an integral part of 
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the modern reflex camera was not envisaged by Sutton. A similar de- 
sign in which the mirror was made to serve as a shutter was patented 
by Manerizzi of Trieste in 1884. C. R. Smith of London patented the 
same year what may be termed the first practical reflex camera. 

The combination of two cameras, one to serve for focusing and ar- 
ranging the image, the other for making the picture, appears to have 
originated with Desderi in 1864. Before the introduction of the reflex 
camera in the early years of this century, twin lens cameras of the 
type shown in Fig. 18 were popular despite their size and weight. 
Within recent years this type of camera has been revived in smaller 
sizes and is once more in general use. 

The first hand camera designed exclusively for roll film was the 
Kodak of George Eastman which was placed on the market in 1888. 


Fic. 19. Early Kodak 


It was a box camera (Fig. 19) making 100 pictures 2% inches in 
diameter. 

In 1913 Oskar Barnack, an engineer with the optical instrument firm 
of Ernst Leitz of Wetzlar, Germany, designed a small camera using 
thirty-five millimeter motion picture film and making pictures I X 174 
inches (24 X 36 mm.). This camera, after having been delayed by 
the World War, was introduced commercially in 1923 as the Leica. 
This camera embraced a number of new and useful features and was 
followed within a few years by others of similar design which have 
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formed the basis of a new and active field of photography based upon 
the miniature camera. 

The Development of the Photographic Objective-——The first 
lens used for photographic purposes appears to have been adapted by 
Chevalier, the well-known optician of Paris, from the Fraunhofer tele- 
scope objective which has the form shown 
in Fig. 20. The covering power of a lens of 
this construction is very limited, being about 
¥% of its focal length, and to secure good 
definition it must be used at a comparatively 
small aperture. An objective, presumably 
of this type, described by Daguerre in his 
book on the Daguerreotype process had a 
relative aperture of about F 15. 

In order to lessen the exposure required when using lenses of this 
type, Chevalier in 1840 designed a compound portrait lens (Fig. 21) 
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which had a relative aperture of F 6.7. These lenses had a “ chemi- 
cal” focus, i.e. the focus for visual light and that for the photographic 
image did not coincide so that it was necessary to make a correction 
after focusing in order to obtain a sharp image. 

This same year (1840) Voightlaender, of Brunswick, brought out 
a new lens which had been designed especially for photographic por- 
traiture by Professor Joseph Petzval, of Vienna. This lens was ex- 
cellently corrected for a small angular field and had an aperture of F 6 


Cray—The Photographic Lens from a Historical Point of View. Phot. 
J., 62 (1922), 459. 

Lere—Development of the Photographic Lens. Glass Industry, II (1930), 
199-203. 
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which was soon increased to F 4 by Andrew Ross, of London. In 
later years Dallmeyer of London and others made lenses of the Petzval 
type with apertures up to F 2.2. Petzval’s first objective had a chemi- 
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Fic. 22a. Josef Petzval 


cal focus; a decade later he recalculated the objective and eliminated 
the focal difference. The first lenses to have the visual and photo- 
graphic foci coincident appear to be those of the Parisian optician 
Lerebours (1846) and Andrew Ross, of London (1848). 

The Petzval portrait objective represents one of the greatest achieve- 
ments in the history of the photographic objective. No other lens has 
played so important a part in the development of photography. So 
successful was the design that today nearly one hundred years later, 
the Petzval type of lens is still made and highly esteemed by portrait 
photographers. 

For some years following the introduction of the Petzval lens the 
efforts of opticians were directed towards the development of a lens 
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which would have a flat field and cover a wider angle. In 1841 
Thomas Davidson designed a symmetrical objective which, however, 
was not a commercial success as it was put forward as a portrait lens 
and as such could not compete with the Petzval lens. Davidson, more- 
over, appears not to have realized the advantages of a symmetrical 


Fic. 22b. Adolph Steinheil 


construction in reducing distortion and other aberrations for a wider 
field. 

Wolcott, in the United States, designed a symmetrical lens in 1843, 
Fig. 23, and appears to have been the first to appreciate the advan- 
tages of the symmetrical design. His early death prevented the com- 
mercial development of his ideas. According to von Rohr, the eminent 
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historian of the photographic objective, Wolcott of all of the early 
designers of photographic lenses came closest to Petzval’s mark.!° 

In 1860 Harrison, of New York, in- 
troduced the globe lens, so called be- ere ths ie 
cause the surfaces of the outer lenses 
form portions of a complete sphere. | 
It was well corrected for distortion and 
covered a large field but was not well | 
corrected spherically. A few years later 
Morrison, who had been an employee of Pe ees : 
Harrison, modified the globe lens by Fic. 23. Globe Lens of Harrison 
departing from a symmetrical arrange- 
ment. This, however, was not free from flare. 
In 1865 Steinheil, of Munich, introduced his Periscope designed 
especially as a wide angle objective. However, the corrections were 
poor, necessitating a small stop (F 30) and the visual and chemical 
foci did not coincide. Josef Zentmayer of Philadelphia improved on 
the Periscope by making it unsymmetrical, the back lens having a 
shorter focus than the front. A similar objective was patented by 
Boyle as the Ratio lens. This, however, does not appear to have 
reached the commercial stage. 

Thomas Ross, of London, introduced in 1865 an improved form of 


Fic. 24. Doublet of Ross 


his doublet lens (Fig. 24) which was moderately successful although 
it required a rather small diaphragm. 

In the meantime various opticians had experimented with a so-called 
triplet construction. Thomas Ross made a simple triplet of three 


10 Von Rohr, Phot. JI., 74 (1924), 349. 
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lenses for Fox-Talbot in 1841 and in 1860 Thomas Sutton took out 
an English patent for a symmetrical cemented triplet lens (Fig. 25). 
The first triplet construction to be placed upon the market, however, 


Fic. 25. Sutton Triplet 


was introduced by Dallmeyer the same year (Fig. 26). This was 
quite popular for a number of years although it and the other lenses 
which we have described (except the portrait lens) were eclipsed by 


Fic. 26. Triple Achromat of Dallmeyer 


the aplanat of Steinheil and the rapid rectilinear of Dallmeyer which 
were introduced in 1866. 

The principle utilized in the aplanat and the rapid rectilinear was 
discovered independently by Steinheil and Dallmeyer and involved the 
use of two flint glasses of more nearly the same refractive index than 
the flint and crown glasses used in the earlier double lenses. This 
greatly reduced astigmatism and improved the correction for the other 
aberrations. It did not, however, permit the simultaneous removal of 
astigmatism and curvature of field. This was accomplished only after 
the introduction of the newer varieties of glass by the Jena Glass 
Works had made possible the anastigmat. The aplanat, or rapid rec- 
tilinear, as it is commonly termed in English speaking countries, repre- 
sented a signal advance in photographic optics and is the only one of 
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the lenses discussed thus far, with the exception of the Petzval por- 


trait lens, to survive. 

The Antiplanat (Fig. 28), in- 
troduced by Steinheil in 1879, 
may be regarded as the immediate 
predecessor of the anastigmat. 
In this lens the symmetrical ar- 
rangement was departed from. 
The element in front of the dia- 
phragm is positive and that in 
the rear is negative in effect, al- 
though only to a slight extent. 
Thus by compensating for the 
errors of one element by errors 
of the opposite character in the 
element on the other side of the 
diaphragm, Steinheil was able to 
improve the correction for astig- 
matism and at a larger aperture 
than had been possible with the 
aplanat. The Antiplanat, despite 
the great originality displayed in 
its design, was soon superseded 
by the anastigmats which made 


Fic. 27. Paul Rudolph, One of the 
Leaders in the Development of the 
Anastigmatic Objective. 


their appearance almost exactly ten years later (1890). 
The first lens in which the new Jena glasses were used to produce 
an objective free from astigmatism and with a flat field was calculated 


>. 


Fic. 28. Antiplanat of Steinheil 


by Schroeder and introduced by Ross Ltd., of London, in 1888 as the 


Concentric (Fig. 29). 


It was not well corrected spherically, requir- 
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ing a small stop to obtain good definition, and was soon withdrawn. 
The first objective in which adequate correction for spherical aberra- 
tion and astigmatism were combined with a flat field was patented by 
Paul Rudolph, of Jena, and introduced 

in 1890 by Carl Zeiss as the Protar. 
| Since that time the development of 
the anastigmatic objective has followed 
| along five more or less well defined lines: 
Fic. 29. Coincentric Lens of _ (1) symmetrical objectives based on the 
Schroeder and Ross aplanat (rapid rectilinear) but employing 
the new Jena glasses to produce an ob- 
jective whose elements are individually corrected for use alone 
(Dagor, Protar, Collinear, etc.), (2) unsymmetrical objectives fol- 
lowing the principle employed in the Antiplanat of Steinheil (Tes- 
sar, etc.), (3) the triplet construction of H. D. Taylor (Cooke 
lens) and his followers (Cooke, Heliar, Aviar etc.), (4) the 
so-called Gaussian objective based in part upon the method de- 
veloped by Gauss for the correction of telescope objectives (Planar, 
Aristostigmat, Homocentric, Biotar, Opic, etc.) and (5) the Stein- 
heil construction, an original design developed by Rudolph Stein- 
heil in 1901 (Unofocal, etc.). Since these lenses, or modifications of 
them, are all in use today, it is more convenient to discuss their de- 

velopment and design in Chapter 4, The Photographic Objective. 

The earliest photographic application of a rear negative element to 
a photographic objective in order to form a telephoto objective appears 
to be due to J. Porro in 1851. It received little or no attention, how- 
ever, and the telephoto lens was really developed by Steinheil, of 
Munich, and Dallmeyer, of London. The latter took out a British 
patent in 1890 for a compound telephoto objective which consisted of 
a well corrected photographic lens and a back negative element com- 
posed of two achromatic lenses; as the distance between the two was 
variable a wide range of magnification was possible. 

Strictly speaking, the first fixed magnification telephoto objective 
was the Orthoscope, designed by Petzval in 1840 or 1841 although 
not placed on the market until 1857. It consisted of two elements 
(Fig. 30) separated by the diaphragm. The front element is 
similar to that of the Petzval portrait lens and is positive: the rear 
element is negative and enlarges the image formed by the front lens. 
Little or no attention seems to have been paid to this characteristic 
of the Orthoscope lens and it disappeared from the market with the 
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advent of the aplanat. It was not until 1905 that the first of the 
modern fixed magnification telephoto objectives was introduced; the 
Bis-Telar of Emil Busch. This was designed by K. Martin and had 
a relative aperture of F 9 and a magnification of 2. The following 
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Fic. 30. Petzval’s Orthoscope—A Predecessor of the Fixed Magnification Tele- 
photo Lens 


year Zeiss brought out the Magnar which had a relative aperture of 
F 10 and a magnification of 3. Similar objectives but with improved 
astigmatic correction and of larger apertures were designed in 1912 
by Hasselkus, of Ross Ltd., and two years later by Lan Davis, of 
Dallmeyer Ltd., both of London. The first was introduced as the 
Telecentric in two series, one with a relative aperture of F 5.4 and the 
other F 6.8. The second was placed on the market as the Large Adon 
and had an aperture of F 4.5. 

Fixed magnification telephoto objectives introduced since 1914 will 
be discussed in Chapter 4, The Photographic Objective. 

Color Photography.—Methods of producing photographs in 
natural colors may be divided into two classes, (1) direct, depending 
upon the bleaching of light sensitive dyes or light interference and 
(2) indirect. 

Direct Processes of Color Photography.—Seebeck in 1810 found 
that silver chloride when exposed to the rays of light partook slightly 
of the colors themselves and Edmond Becqueret in 1844 reproduced 
more or less perfectly the seven principal colors of the spectrum on a 
Daguerreotype plate. The colors were lost, however, when the plate 
was fixed. Similar processes were described by Herschel, Niepce de 
Saint Victor and Robert Hunt. 


LrE—Development of the Telephotographic Objective. Proc. Opt. Conv., 
1926, 869-877. 
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In 1897 Lippman of Paris described a process of natural color pho- 
tography based upon the principle of light interference. A grainless 
albumen film was exposed in front of a mirror, formed by a bath of 
liquid mercury, developed and fixed in a weak solution of cyanide 
resulting in a brilliantly colored image when viewed by light reflected 
fromamirror. The results, however, cannot be duplicated, the process 
is slow and tedious, and natural colors are not well reproduced hence 
the process remains no more than an interesting demonstration. 

Indirect Processes of Natural Color Photography.—Promising 
as such processes of natural color photography may appear theoreti- 
cally, it is with indirect methods involving the separate registration of 
the three fundamental color sensations and their subsequent recom- 
bination that the greatest progress has been made. 

The first to apply such methods was James Clerk Maxwell, of the 
Royal Institution in London, who in 1861 took three photographs, 
one through a red solution acting as a color filter, one through a green 
solution, and a third through blue-violet. From these negatives he 
had lantern slides made which he projected on top of one another by 
means of three lanterns; each one projecting its slide through the 
solution which had been used in making the original negative. The 
result was not wholly successful ( 1) because the wet-collodion process 
was almost insensitive to green and red, and (2) because the solutions 
employed did not have the proper spectral transmissions. 

In 1862, Louis Ducos du Hauron deposited with the French Acad- 
emy of Sciences a paper on processes of color photography which, 
however, was not presented to the Society nor was it published until 
1897. In the meanwhile, he published (1869) Les Coleurs en Photo- 
graphie, Solution du Probleme in which he described (1) a tri-color 
camera for making three-color negatives with one exposure, (2) com- 
bining positives on glass from the three negatives in a viewing device 
similar to the camera to produce an image in colors, (3) printing from 
three-color negatives by the carbon process to produce a print in colors, 
and (4) the screen plate process. 

In 1895, he patented a tri-pack, the three plates being placed together 
with their respective filters in between, thus enabling the three negatives 
to be made with one exposure in an ordinary camera. 

While all subsequent Progress in color photography has been along 
these lines, du Hauron was unable to perfect any of these methods 
owing to the limited sensitivity of the negative materials then available 
and to his limited financial resources. 
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Three-color cameras and viewing instruments were brought to a 
high degree of perfection by F. E. Ives of Philadelphia, who during 
his long association with color photography added greatly to our store 
of knowledge of all processes (except the screen-plate). Space does 
not permit an extended treatment of the history of tri-color cameras 
nor viewing instruments (photo-chromoscopes). An excellent survey 
of the various types is available in the History of Three-Color Pho- 
tography by E. J. Wall (Boston, 1925). 

A number of tri-packs have been patented and several have reached 
the commercial stage, but only in recent years has a reasonably suc- 
cessful product been achieved. 

Subtractive Printing Processes.—Since du Hauron first sug- 
gested the carbon process as a means of making the three-color images 
required by subtractive printing processes, many other methods have 
been exploited. These include the production of dye images (1) by 
mordanting methods, (2) differentially hardened gelatine, (3) gelatine 
relief images, (4) imbibition processes based upon the transference 
of dyes from gelatine printing plates produced by methods 2 or 3, 
(5) toning of silver images with metallic compounds, (6) pigment 
processes such as carbon, gum-bichromate and, more recently, three- 
color carbro, (7) developers producing color images and (8) processes 
employing diazo dyes." 

Screen Plate Processes.—In just the same way that a painter 
may secure a certain color by the juxtaposition of dabs of pigment of 
two colors which when viewed at a distance merge to form a single 
color, so it is possible to secure on a single plate all three color-sensation 
records by employing, in place of the usual solid color filter, a multi- 
color screen composed of a large number of small color screens evenly 
distributed and so small as to be practically invisible. 

The multi-color screen was the conception of Louis Ducos du 
Hauron whose patent of 1868 suggested that a sensitive plate be ex- 
posed behind a screen composed of fine parallel lines, red, green and 
blue. The red lines collectively record the red sensation of the sub- 
ject, while in like manner the green and blue lines collectively record 

11 Crabtree, U. S. P. 1389742; Traube, D. R. P. 187289 of 1905; Kelley, 
1411968 of 1922. 

Howard Farmer, B. P. 17773 of 1889; Capstaff, B. P. 13429 of 1015. 
Senninger, Shepard & Bartlett, B. P. 24234 of 1902. 
Didier, B. P. 7557 of 1905. 


Hamburger, Brit. J. Phot., 58 (1911), 309. 
Manley, B. P. 10026 of 1898; Brit. J. Phot., 46 (1899), 198. 
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the green and blue sensations respectively, so that all three fundamental 
color records are secured on a single plate. Consequently when a posi- 
tive from the original negative is placed in contact with the multi- 
color screen in the position occupied by the negative, so that the lines 
in the positive recording the red sensation are behind the red lines of 
the multi-color screen, the colors of the subject become visible, the 
same principle being brought into play as in the viewing camera. 

It was not until 1894, however, that the first practical screen plate 
was produced by Joly, of Dublin. The screen consisted of parallel 
red, green, and blue lines each 1/100 inch wide and was placed in front 
of a panchromatic material for the exposure. The plate was developed 
and a glass transparency made in the usual way. Finally, this trans- 
parency was bound up in register with a screen plate similar to that 
used in making the negative so that an image in natural color was 
produced. 

MacDonough of Chicago succeeded a year or so later in making a 
finer screen (300 to the inch) which, however, was not successful com- 
mercially owing to the high cost of production. 

Various methods of making multi-color screens were patented by 
Brasseur (1896), Powrie of Chicago (1905), Smith (1906), Krayn 
(1906), Dufay (1908) and Lumiére (1904). Of these only one 
was immediately successful, the Autochrom plate of Lumiére, a mosaic 
screen composed of dyed starch grains which was placed on the mar- 
ket in 1907. A similar plate in which dyed gum particles rather 
than starch grains are used was patented by Christensen in 1916 and 
introduced as the Agfa Color Plate in 1921. 

In 1906, C. L. Finlay patented a screen plate which was placed upon 
the market as the “Thames” plate. This plate had a geometrical 
pattern consisting of two separate sets of circles on a background which 
formed the third color-record. The Thames plate was not a success, 
but a similar screen known as the Finlay plate, introduced in 1930, 
has been well received. 

A separate screen plate process was introduced by the Paget Dry 
Plate Company of London in 1908 utilizing the patents of Whitfield. 
This process was the most successful commercially of the earlier 
separate screen processes and remained on the market for a number 
of years. 

In 1908, Dufay patented a method of making a screen-plate of 
geometrical design, which was placed on the market as the Diopti- 
chrome. This remained on the market for several years. In 1935, 


THE HISTORY OF PHOTOGRAPHY 41 


an improved process with a finer screen and greater exposure speed 
was placed upon the market as Dufaycolor. 

In 1908, Berthion of France patented a variation of the screen plate 
process in which the film is embossed so as to form minute elementary 
lenses and a three-color banded filter is placed over the camera lens. 
An image of the subject is formed on the film in the usual manner but 


KODACOLOR F/SLENS KOPACOLOR FILM 
FILTER (GREATLY ENLARGED) 


Fic. 31. Diagram of Kodacolor Process 


the embossed lenses on the front side of the film (Fig. 31) break the 
image up into minute images of the three-color filter. A screen formed 
in this manner is termed a lenticular screen. In 1928, the rights to 
the Berthion patents were acquired by the Eastman Kodak Company 
and utilized in a process of amateur cinematography known as 
Kodacolor. 

A notable advance in color photography was made in 1935 when 
the Eastman Kodak Company introduced Kodachrome. This is a 
three-color subtractive process which is unique in the fact that, in- 
stead of three separate negatives, three emulsions are coated on the 
film support one over the other and each is separately sensitized (Fig. 
32) so that the blue-sensation record is made by the first emulsion, 
the green record by the second and the red by the third. In processing 
these images are first converted into direct positive images in silver 
and these in turn are converted into dye images, the dye images of 
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course being complementary to the colors of the original negative im- 
ages. In this way, a color transparency is produced in which the dif- 
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ferent color records are in three layers which, however, are so thin 
and close together that they have the same effect as a single layer. 
First employed for amateur cinematography, Kodachrome film and 
projectors are now available for still camera work. 


CHAPTER. If 


THE CAMERA 


ELEMENTS OF THE CAMERA 


The essentials of the camera are four in number: (1) a light-tight 
enclosure; (2) a means of forming an image either by means of a 
pinhole or a lens; (3) a holder for the sensitive material and (4) a 
means of controlling the time during which light is allowed to reach 
the film or plate (shutter). 

The simplest box camera, in addition to these essentials, is provided 
with a finder to show what will be included in the picture, a diaphragm 
to regulate the amount of light entering the lens, and a means of chang- 
ing the film or plate between exposures. Other types of cameras may 
have a collapsible bellows, or a metal tube operated either by a sliding 
or helical motion, and a focusing scale or screen in order that the posi- 
tion of the lens may be altered so as to secure a sharp image of objects 
at different distances from the camera. It may have in addition a 
range finder to measure the distance of the object, negative carriers 
for different types of sensitive material, a level, depth of focus scale, 
built-in exposure meter, and various movements to the front and back 
which alter the position of the lens or the sensitive material in relation 
to one another. 

Carriers for the Sensitive Material—In roll film cameras, the 
film is drawn over rollers through the exposure plane to a take-up spool 
operated by a ratchet key which will turn in one direction only. Ten- 
sion, created by a retaining spring on the film spool and a pressure pad 
in the image plane, keeps the film flat for the exposure. Numbers 
placed on the paper backing of the film spool and viewed through a red 
window in the back of the camera indicate the position of the film for 
the different exposures. 

In cameras employing perforated film, the film is drawn through the - 
exposure plane by means of a sprocket wheel which engages the per- 
forations along the side of the film. An automatic stop permits the 
sprocket wheel to turn only sufficiently to position the film for the next 
exposure. It must then be disengaged to enable the film to be moved 


43 


44 THE CAMERA 


for the next exposure. In this way each image is automatically posi- 
tioned in the film without requiring the attention of the operator. 

On small cameras designed for cut film, plates, or film packs in an 
adapter, the focusing screen is contained within a panel which is inter- 
changeable with the film or plate holder. Thus, the focusing screen 
must be removed to insert the holder. On American cameras of this 
type, the panel containing the focus- 
ing screen is attached to the back 
of the camera with springs so that 
the holder may be inserted in the 
position normally occupied by the 
focusing screen without the neces- 
sity of removing the latter. 

The typical single metal cut film 
and plate holder is shown in Fig. 
33. A pressure plate behind the 
hinged metal frame makes the 
holder suitable for both cut film and 
plates. 

The typical American style double 
holder is shown in Fig. 34. Lift- 
ing up the hinged flap at the bottom 
allows cut film to be slipped in the 
grooves along each side of the 
holder. Glass plates are held in 
Fic. 33. Foreign Style Single Metal position by overlapping portions of 

Plate and Cut-Film Holder (Kodak) the flap and the stays at the top of 
the holder. 

Focusing.—In box and other fixed focus cameras, no provision 
is made for focusing. A lens of comparatively short focal length and 
small relative aperture is used so that the depth of field is considerable 
and under these conditions it is possible to fix the lens permanently in 
a position which will result in satisfactory definition on all objects not 
too close to the camera. Focusing, however, is necessary if a large 
aperture lens is to be used effectively. The proper focus is determined 
_(1) from an inspection of the image on a ground glass focusing screen, 
(2) by estimating, or (3) measuring by means of a range finder, the 
distance of the subject and setting the lens to a corresponding point on 
a scale of distances constituting a focusing scale. 

The lens adjustment is made in one of several ways: 
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1. By moving either the front or back of the camera. 

2. By moving the lens and shutter alone on a track or helical mount 
which forms a part of the camera front. 

3. By revolving the front element of the lens. 


Fic. 34. American Type Cut Film Holder Showing Method of Loading 


The first method is the only feasible one for large cameras and is 
used exclusively on professional view or studio cameras; the other 
methods are used chiefly on small hand and miniature cameras. 

In a number of modern cameras, a range-finder, or distance meter, 
is directly connected to the lens so that the lens is focused in the 
operation of determining the distance of the subject. 

Finders.—The finder is a very important feature of hand cam- 
eras since it provides the only means of knowing what will be included 
in the picture. The first requirement of a finder is that it should indi- 
cate exactly the area included by the lens of the camera. This is pos- 
sible for all distances of the subject only if the axis of the finder and 
the lens coincide, a condition which is obviously impossible except in a 
reflex camera where the camera lens is used as a finder. 

In designing a camera, the errors resulting from the separation of 
the finder and the lens are kept as small as possible by placing the 
finder as close to the lens and by making the axis of the one intersect 
with that of the other at a distance of approximately 15 feet. The 
difference in finder and lens image is then insignificant except on 
nearby subjects. In some cases, the field of the finder is made smaller 
than that of the lens so that all of the image seen in the finder will be 
included in the negative regardless of the distance of the subject. 

The simplest form of reflecting finder consists essentially of a minia- 
ture box camera as shown in Fig. 35 with a mirror placed at an angle 
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of 45° behind the biconvex lens to reflect the image to the ground glass 
screen, The so-called “ brilliant ” finder is similar (Fig. 35b) except 
that the ground glass screen is replaced by a second lens which results 
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Fic. 35. Finder Systems 


in a clearer and more brilliant image since the light is not scattered by 
the ground glass. 

In all reflecting finders, the image is erect, but reversed laterally, 
i.e., from right to left. This is true also of the image seen on the 
focusing screen of a reflex or twin-lens camera. 

Direct vision finders are of several types. One of the simplest is 
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known as the wire-frame, or iconometer, finder. It consists of a metal 
frame corresponding to the picture size and a deep-sight ; the first men- 
tioned is placed in the same plane as the lens and the latter in that of 
the plate or film. 

In some cases, the front frame is made considerably smaller than 
the picture area and its distance from the peep-sight reduced so that 
the angle included will correspond with that of the camera lens. This 
enables the finder to be placed on the side of the camera. 

In still another type of direct vision finder (Fig. 35d), the front 
frame consists of a negative lens which forms a virtual image of the 
subject. The size and power of the lens determines the size of the 
field included in the finder. 

Today, in finders of this type, the peep-sight is usually a low-power 
positive lens which projects the virtual image formed by the negative 
lens to a more comfortable viewing distance from the eye. This opti- 
cal system results in an image which is not only erect but is also not 
reversed from right to left. Finders of this construction are very 
common on current miniature cameras. 


SHUTTERS 


Modern shutters may be divided into four classes; (1) those placed 
before the lens, (2) those placed behind the lens, (3) those placed 
between the lens and (4) those placed near the focal plane directly 
in front of the sensitive material. 

Before-the-Lens Shutters.—Before-the-lens shutters are used on 
box and other cameras fitted with single lenses. Those used on box, 
and other inexpensive cameras, consist essentially of a thin metal disk 
with an open slot which is made to pass in front of the lens by a spring. 
This type of shutter is adjustable for time, for bulb, and a single 
“instantaneous ’ speed which may vary from 1/20 to 1/30 second 
depending upon the camera. 

While placed before the lens, the shutters on folding cameras fitted 
with single lenses have more in common with the between the lens 
shutters to be described later. 

On larger cameras, the before-the-lens shutter is virtually obsolete 
except for a single type used by professional photographers. This 
is similar to the modern between-the-lens shutter except that it has no 
marked instantaneous speeds and is mounted so as to be readily at- 
tached to the front of the lens mount thus permitting it to be used 
on a number of different lenses. 
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Behind-the-Lens Shutters.—Behind-the-lens shutters are used 
chiefly on professional view, commercial or portrait cameras. One 
type, now nearly obsolete, consists of one, or in some cases two, 
metal leaves which operate in the same manner as a door. The two 
leaves are kept in the closed position by means of a spring. The ex- 
posure is made by means of a bulb and tubing which compresses the 
air within a cylinder and operates a piston causing the leaves to swing 
open and uncover the lens. While this type of shutter is not suitable 
for extremely short exposures, it can be made almost noiseless in 
operation which is an advantage in portrait work. 

By far the most widely used behind-the-lens shutter consists of two, 
or in some cases three, metal, hard rubber or plastic blades which are 
kept overlapping in the closed position by means of a spring. Com- 
pression of the air within a cylinder operates a piston which causes the 
blades of the shutter to make a partial revolution about pivoted points 
thus uncovering the lens. Upon releasing the pressure on the bulb, 
the spring tension causes the blades of the shutter to move in the 
opposite direction thus closing the opening. This type of shutter is 
more compact than the type previously described and is better adapted 
to short exposures. With some models, exposures of approximately 
1/25 second are possible. 

Between-the-Lens Shutters.—Between-the-lens shutters are fre- 
quently referred to as diaphragm shutters because of their location 
near the diaphragm. In some cases, the blades of the shutter are made 
to serve as a diaphragm opening up only to the set value. 

The modern between-the-lens shutters consist of three, or more, 
thin, hard-rubber, metal or composition blades which are pivoted about 
fixed points in a circle. These blades are opened and closed by pins 
on a movable ring. A spring provides the motive power to move this 
ring through a portion of one revolution. Usually the blades open and 
close at a fixed speed which is governed by the tension created by the 
driving spring. The time which the blades remain open is controlled 
either by pneumatic action or by a series of retarding gears. The 
former consists essentially of a cylinder and piston, the air being either 
compressed or partially exhausted in the setting of the shutter. An 
adjustable leak, which is controlled by the speed setting on the shutter 
dial, delays the action of the spring on the inner movable ring con- 
trolling the shutter blades and thus fixes the time during which the 
lens is uncovered. In gear-controlled shutters, a chain of gears with 
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an escapement somewhat similar to that on a watch is employed to 
delay the closing of the shutter blades until the desired time has elapsed. 

Focal Plane Shutters.—The focal plane shutter is so termed be- 
cause it is placed near the focal plane, immediately in front of the 
sensitive material. Shutters of this type are used on reflex cameras 
and on many miniature cameras. While reflex cameras have been 
designed with other types of shutters, the focal plane shutter is par- 
ticularly suitable since it operates behind the mirror thus enabling the 
lens to remain open at all times for observing the image and focusing. 
(See Reflex Camera). On miniature cameras it enables different 
lenses to be used without having a separate shutter for each and in 
addition the operation of resetting the shutter and the movement of 
the film may be so connected as to prevent double exposures. 

There are two variations of the focal plane shutter; (1) the fixed 
and (2) the variable slit. The first consists of a relatively long opaque 
curtain of cloth, or other suitable material, running between a pair of 
rollers on opposite sides of the picture area, one of the rollers being 
under tension. The curtain is slightly wider than the picture and the 
edges are enclosed in grooves which serve the double purpose of form- 
ing a guide for the passage of the curtain from one roller to the other 
and protecting the sensitive material from light. Across this curtain, 
at distances slightly greater than that between the two rollers are a 
number of slits of varying widths. 

Preparatory to making an exposure, the shutter is set by winding 
the curtain so as to select a slit of the proper width and the spring ten- 
sion on the lower roller is adjusted so as to regulate the speed at which 
the open slit passes in front of the film or plate. These adjustments 
are made in accordance with a table affixed in a convenient place on 
the outside of the shutter indicating the width of the slit and tension 
setting for a given exposure. When the shutter is set, the plate or 
film is protected by an opaque portion of the curtain. Upon releasing 
the exposure lever, the curtain is freed and the tension on one of the 
rollers, usually the lower, causes it to revolve, winding the curtain on 
it so that the slit passes rapidly in front of the sensitive material thus 
making the exposure. A locking device stops the curtain after the 
slit has passed in front of the film or plate thus preventing a second 
exposure. 

The variable slit shutter differs from that just described in having 
two curtains, one directly in front and as close to the other as prac- 
tical and each has its own pair of rollers. Springs attached to one 
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set of rollers, usually the lower, keep the curtains under tension. Each 
curtain may be wound up separately but both move downward across 
the face of the film or plate at the same rate when freed by the ex- 
posure lever. The height of the slit in one of the curtains is approxi- 
mately the same as that of the picture. 

Before making an exposure this curtain is wound up on the free 
roller. The second curtain, however, is only partially wound up. 
Consequently, it does not completely cover the slit in the first curtain 
but leaves an open slit the height of which can be varied as required 
by the extent to which the second curtain is wound up. Thus the 
width of the opening between the two curtains may be varied at will, 
so as to control the amount of light reaching the film and thus deter- 
mine the exposure. 

This type of shutter is rather more complicated than the other but 
has the advantage that a wide range of exposures may be obtained by 
varying the width of the slit, thus rendering less necessary the de- 
pendence upon variations in spring tension as a means of controlling 
the exposure. Furthermore, a shutter of this type may be graduated 
to read directly in terms of exposure and is the only type really prac- 
tical for miniature cameras. 

On reflex cameras the mirror protects the film or plate from light 
when the shutter is wound up to make an exposure. In other types 
of cameras with a focal plane shutter the exposure of the sensitive 
material is prevented by an auxiliary curtain placed in front of the 
shutter. This protecting curtain is wound up first and released after 
the shutter has been set. Such shutters are frequently termed “ self- 
capping” since it is not necessary to cover the lens to prevent the 
exposure of the film or plate when setting the shutter. 

With a focal plane shutter, unlike those placed near the lens, the 
entire image is not exposed simultaneously but successively in sections 
from one side to the other as the opening in the curtain passes across 
the face of the sensitive material. This being the case, it is evident 
that the image of a rapidly moving object will be distorted through 
movement of the image during the exposure. Such distortion com- 
monly takes the form of elongated or compressed images, diagonally 
deformed; for example, wheels on rapidly moving motor cars, curved 
spokes in the wheels of rapidly moving machinery etc. With a hori- 
zontally moving curtain, the image is lengthened if the slit moves in 
the direction of the image; that is, in the opposite direction to the sub- 
ject: compressed, if the slit moves in the opposite direction. 
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There is some variation in exposure from one side of the image to 
the other, due to the fact that the velocity of the curtain, starting from 
rest at one side of the image, increases as it passes over the film or 
plate until it reaches the opposite side. In well-designed shutters, 
however, retarding devices prevent this variation in speed from being 
sufficient to produce any preciptible difference in exposure. 

Speed and Efficiency of Shutters.—The speed, or exposure time, 
of a shutter is the time interval during which light is admitted. In 
a between-the-lens shutter it is the time elapsing between the opening 
and closing of the shutter blades; in a focal plane shutter it is the 
time required for the slit in the curtain to pass a given spot on the 
sensitive material. 

The efficiency of a shutter may be defined as the ratio between the 
amount of light actually reaching the sensitive material and the maxi- 
mum amount which can be admitted in the same period of exposure. 
A between-the-lens shutter, whose blades opened instantaneously to 
the maximum opening and remained open for the full period of the 
exposure and then closed instantaneously would have an efficiency of 
100 per cent. No existing shutter approaches 100 per cent efficiency. 
Between-the-lens shutters vary in efficiency depending upon the number 
of blades employed and other details of design. In general, the larger 
the number of blades employed the higher the efficiency of the shutter 
and in this respect modern between-the-lens shutters are greatly superior 
to older and simpler types. With the latter, the efficiency may be as 
low as 50 per cent; with the best modern shutters it varies from 70 
to 80 per cent. Since the blades of a diaphragm shutter are at their 
maximum opening for only a part of the total exposure time, it is 
evident that if the aperture of the lens is less than the maximum open- 
ing of the shutter, the longer will be the period during which the lens 
is fully uncovered and consequently the greater the efficiency of the 
shutter. Thus stopping down the lens, or mounting it in an oversize 
shutter, has the effect of improving the efficiency of the shutter! 

While in general, the efficiency of focal plane shutters is higher than 
diaphragm shutters the difference is not considerable if modern types 
of between-the-lens shutters are used as a basis of comparison. 

Were it possible to have the curtain of a focal plane shutter in 
actual contact with the film or a plate, an efficiency of 100 per cent 
could be attained but this condition is manifestly impractical. The 
efficiency diminishes rapidly as the distance between the curtain and 
the film is increased and as the width of the slit is decreased. As with 
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a between-the-lens shutter the efficiency decreases as the aperture of 
the lens increases. 

High efficiency in a shutter is naturally most important with short 
exposures since with these it is frequently difficult to avoid under- 
exposure. Unfortunately, the efficiency of both focal plane and be- 
tween-the-lens shutters becomes lower at the shorter exposures. With 
a focal plane shutter, the maximum efficiency at high speeds will be 
obtained by using as wide a slit and as high a spring tension as possible 
rather than a narrow slit at a lower tension. 

Swing Back.—The swing back is a movement, found quite gen- 
erally on professional cameras and occasionally on film and plate 
cameras designed for the serious amateur, which permits the plane of 
the sensitive material to be placed at an angle to the optical axis of the 
lens, for the purpose of (a) changing the shape of the image, or (b) 
securing greater depth of field. 

When the plane of the sensitive material is parallel with that of the 
subject, parallel lines in the subject are rendered parallel on the image. 
If, however, the plane of the sensitive material is inclined towards that 


Picture Planes 
(obtained by swinging 
the camera swing back 

about the axis) 


Lens 


Fic. 36. Illustrating the Effect on the Image of Inclining the Plane of the 
Sensitive Material to That of the Subject 


of the subject, as in Fig. 36, the image is distorted and the lines 
diverge. Tilting the sensitive material in the other direction causes 
the lines to diverge but in the opposite direction. Inclining the plane 
of the subject would produce precisely the same result. 

In photographing a tall building, for example, it is frequently neces- 
sary to tilt the camera in order to include all of the building. With the 
sensitive material in its normal plane, that is at right angles to the cam- 
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era axis, the lines of the building converge towards the top. The 
swing back, however, enables the sensitive material to be placed in the 
vertical position, thus securing non-distorted rendering. 

In photographing from an elevation, the same principle applies 
except that the conditions are reversed. 

Since the axis of the lens is no longer at right angles to the sensitive 
material, but crosses it obliquely, a smaller diaphragm is usually neces- 
sary to,obtain sharp focus over the whole of the image. 


JEM 


Ae 
B 
Fic. 37. Illustrating How the Swing Back is Used to Increase the Depth of 
Field, (Upper) the Focal Plane for Objects at a Distance, (Middle) the Focal 
Plane for a Nearer Object, (Lower) How Both Objects may be Sharply 
Rendered by Including the Sensitive Material in the Direction Shown. 


Since it is clear from the principles of image formation that the focal 
distance for near objects is greater than for more distant objects, it is 
possible under certain conditions to secure sharp focus on both near 
and distant objects with a relatively large aperture by the simple ex- 
pedient of inclining the sensitive material. The principle involved is 
shown diagrammatically in Fig. 37. 

A and B represent two objects at different distances from the lens 
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and A’ and B’ the corresponding image points. It is evident that with 
the sensitive material at right angles to the optical axis, there is no point 
at which the image of both A and B will be sharp, and only by placing 
the sensitive material between A’ and B’ and using a small diaphragm 
can a sharp image of both be obtained. If, however, the sensitive 
material is inclined as indicated by the line A’B’, both points will be 
sharply rendered. 

It is obvious that the swing back may be used in this manner to 
increase the effective depth of field only if points A and B lie at some 
distance above one another. This, however, is frequently the case in 
practice, as for example, with a group of persons arranged in rows 
behind one another in a staircase formation, a banquet table, a street 
photographed from an elevation, etc. 

A horizontal swing back may be used in the same way when photo- 
graphing objects at different distances, on a horizontal rather than a 
vertical plane. When necessary, both the vertical and horizontal 
swings may be used in conjunction. 

The use of the swings in this manner distorts the perspective since 
the relative size of near objects is increased and the height decreased. 
This distortion is in many cases immaterial and in some an advantage. 
When objectionable, it can be partially rectified in projection printing 
(See, Correction of Distortion in Projection Printing). 

The Swing Front.—The swing front is an adjustment enabling 
the lens to be tilted upwards or downwards so as to change the angle 
of the optical axis with respect to the sensitive material, It is a move- 
ment which is found on few cameras except those designed for difficult 
work of a technical nature. 

The swing front may be used in much the same way as the swing 
back to increase the effective depth of field but with the advantage that 
the perspective is not distorted to the same degree. It is useful also 
in avoiding the necessity for a small diaphragm when the swing back 
is used to keep the. sensitive material vertical. When, for example, the 
camera is inclined upward to include the top of a tall building, and the 
swing back is placed in a vertical position, a small diaphragm is often 
required to render both the top and bottom of the building sharp. If, 
however, the camera is fitted with a swing front, the use of a small 
diaphragm may be avoided by inclining the lens so that its optical axis 
is approximately parallel to the sensitive material. 

The use of the swing front in any case is practical only when the 
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lens will cover sharply a picture area larger than that on which it is 
being used. 

Photographing Object with Front Square and at Same Time 
Showing Side or Top.—Manufacturers sometimes request photo- 
graphs which show the front of the article square and at the same time 
reveal a part of the side or top. Books, packaged articles, radio cabi- 
nets, etc., are frequently represented in this manner. 

This effect is produced by setting up the camera from a position 
which will include a small portion of the top, or side, of the object, 
and adjusting the swings so as to be parallel to the front.of the object 
in both directions. In this way, the front of the object is represented 
as square although actually it was at angle to the lens at the time the 
picture was made. 

Generally speaking, the adjustments of ordinary view cameras are 
not sufficient for such work unless one is content with a small image. 
Commercial cameras having both a swing front and swing back, how- 
ever, are suitable. 

Sliding Front.—This movement allows the lens to be moved in 
a horizontal direction parallel to the film or plate. On hand cameras 
not fitted with a reversible back, it serves as a rising and falling front, 
when the camera is placed on its side to make a horizontal picture. On 
cameras designed for professional use, it is frequently useful in obtain- 
ing unusual viewpoints and in distorting perspective to secure striking 
effects. Like all such movements, it presupposes the use of a lens 
with greater covering power than the plate or film with which it is used. 

Box Camera.—The inexpensive box camera is used chiefly by 
beginners or by those who are interested in photography only to the 
extent of making record pictures with the least expenditure of thought 
and energy. The box camera of today is usually designed for roll 
film as film pack and plate models have practically disappeared in this 
country. American cameras of this type are usually fitted with single 
lenses having a maximum relative aperture of about f:14 and a simple 
spring-actuated shutter with one instantaneous speed of about 1/25 
second in addition to time and bulb. Even these last are omitted on 
some cameras. Ordinarily no provision is made for focusing, the 
position of the lens being fixed so that objects not less than 6 to Io 
feet, depending on the size of the camera, will be sharp. In recent 
years, however, cameras with two lenses, one removable, have been 
introduced. Both lenses together are used for nearby objects and 
the rear lens alone for distant subjects. In a more expensive form 
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of the box camera, the lens mount revolves, thus changing the separa- 
tion of the two elements and providing for focusing for three marked 
positions, near, medium, distant. 


Fic. 38. Box Camera for Roll Film. (Eastman Kodak Co.) 


Cameras of this type reduce picture making to its simplest terms. 
It is only necessary to exercise the modicum of care and attention to 
secure good results within the rather limited scope of the camera. 

Folding Roll Film Cameras.—Folding roll film cameras are per- 
haps the most popular among amateurs particularly with those whose 
interest in photography lies chiefly in making records of activities and 
scenes in which they are interested. A camera of this type, while 
larger than a miniature camera, is easily carried in the hand, the coat 
pocket, or on a shoulder strap, and has the advantage that the pictures 
are sufficiently large to be useful as contact prints. 

There is a wide diversity among cameras of this type. One impor- 
tant difference is in the manner in which the bellows is extended. In 
some models it must be pulled out along a track on the bed of the 
camera. In other models, the camera front is supported by a lazy 
tongs arrangement (Fig. 40) which is extended either by hand or in 
some cases automatically. In most of the newer models, the lens 
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front is brought into position automatically by a lever mechanism con- 
nected with the bed of the camera. 

No provision is made for focusing on some of the cheaper cameras. 
Those models in which the front slides along a track on the bed of 


Fic. 39. Typical Hand Camera Using Roll Film. (Kodak) 


the camera are focused by means of a scale attached to the bed of the 
camera. Usually a pinion or a movable lever is added for convenience. 
Cameras in which the front is erected automatically are focused by 
unscrewing the front element of the lens or by a fitting which permits 
the lens and shutter to be moved back and forth on the front. 

The lenses fitted to cameras of this type range from single lenses on 
the less expensive models to the most advanced types of anastigmat on 
the more expensive. On cameras making pictures 2144 X 3% or 
larger, the largest aperture of the lenses fitted is usually f:4.5 in the 
smaller models f :3.5 or in some even larger. 
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The camera is usually fitted with a reversible reflecting finder and 
in many cases with a direct vision finder in addition. Some have 
range finders and in a few cases the range finder is coupled to the 


Fig. 40. Hand Camera with Automatically Extending Bellows. (Kodak- 
Bantam) 


focusing device in such a way that the lens is focused automatically 
as the distance of the object is determined. 

Hand Cameras Using Cut Film, Plates or Film Packs.—Hand 
cameras of this type appeal chiefly to the serious amateur as they are 
more suitable for difficult work than the more convenient roll film 
cameras. The ability to focus on the ground glass is of great impor- 
tance in many phases of photography ; furthermore, the possibility of 
using one of the many varieties of cut film, plates, or film pack appeals 
to the advanced amateur, since it enables him to select the sensitive 
material best suited to each particular subject. Usually, cameras of 
this type are fitted with a double extension bellows which enables them 
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to be used for copying and in photographing small objects. A rising 
and also a sliding front movement are usually provided as well as a 
wire frame or direct vision finder. Some of the more expensive mod- 
els are equipped with all of the movements common to the professional 
-camera including reversing and swing back, front and side swing, wide 


Fic. 41. Cut Film, Film Pack and Plate Camera with Ground Glass Focussing 
Back. (Recomar, Eastman Kodak Co.) 


angle bed, etc. Cameras of this type, being designed for serious work, 
are usually fitted with first quality anastigmat lenses and precision shut- 
ters with a wide range of speeds. Although designed primarily for 
use on a tripod, they may be used in the hand and focused by scale. 

The Miniature Camera.—The last few years have witnessed a 
truly remarkable development of the small or miniature camera. The 
term miniature is loosely employed in present day photographic lit- 
erature, but for the purposes of this discussion it will be assumed to 
mean a camera making pictures 444 X 6 cm. (15% X 2% inches) or 
smaller. 
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The miniature camera owes its widespread popularity to the fact 
that (1) it is light and compact, easily carried and convenient in use, 
(2) the picture size being small and the focal length of the lens short, 
the depth of field is such that lenses of much larger relative aperture 
may be used than are feasible on larger cameras. Thus lenses with a 
relative aperture of f:2 or larger are fairly common on miniature 
cameras, whereas lenses with a relative aperture greater than f 3.5 
are seldom useful on the larger cameras, owing to the limited depth 
of field. The large aperture lens enables pictures to be made in the 
home with ordinary lighting, street scenes at night, sporting events 
indoors, theatre photography by stage lighting and many other phases 
of photography which would be exceedingly difficult if not impossible 
with other types of apparatus. Being small and unobtrusive, the 
miniature camera is well suited to making pictures without attracting 
the attention of the subject: the so-called “ candid photography.” 

Another very important factor in the popularity of the miniature 
camera is the vast amount of ingenuity which has been shown by the 
manufacturers in the design of instruments of this type and the skilled 
workmanship displayed in the better examples. The modern minia- 
ture camera is a precision instrument which despite its size is capable 
of producing results in most cases equal to and under many conditions 
superior to those of larger cameras. 

Both scale focusing, twin-lens and reflex cameras are found in this 
class, but the first mentioned comprise by far the larger number. 
These may be divided into two classes: (1) those with a collapsible 
bellows and (2) those in which the necessary extension is secured by 
a metal tube with a sliding or helical-screw motion. A typical minia- 
ture camera is shown in Fig. 42. 

Among the prominent features of cameras of this type are: 

I, Ready interchangeability of lenses. Miniature cameras employ- 
ing focal plane shutters are usually designed to permit the use of a 
number of lenses, thus enabling wide angle, high speed or telephoto 
lenses to be used as the occasion demands. 

2. Coupled range finder and focusing. This enables the distance of 
the subject to be determined accurately and the lens adjusted for this 
distance in one operation. 

3. Direct optical view finder. This frequently is designed to pro- 
duce an enlarged image, and where the camera is designed for use with 
different lenses, either the area included is indicated in the field or the 
finder is designed to be adjustable both with respect to the size of the 
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image and the angle included so as to correspond with the different 
lenses for which the camera is designed. (See page 45.) 


Fic. 42. Leica of E. Leitz, Wetzlar 


4. Focal plane or High Speed between-the-lens shutters. With the 
former, most cameras have an interlocking device which results in a 
new section of film being wound into place when the shutter is being 
set. This automatically prevents double exposure since the exposure 
cannot be made until an unexposed section of film is in place. The 
focal plane shutters are designed to work very close to the sensitive 
material and consequently possess a very high efficiency. The maxi- 
mum speed varies between 1/500 and 1/1000 of a second. On cam- 
eras using between-the-lens shutters, the Compur shutter is almost 
universal. The maximum speed of the extra-rapid Compur shutter 
used on many miniature cameras is 1/500 second. 

5. Film transport. In most cases, the film spools are carried in 
light-tight metal magazines; the film being wound from the magazine 
for the exposure and wound back into the magazine when exposed. 
The magazine is placed in and removed from the camera in daylight. 
Daylight-loading roll film with the conventional paper packing is used 
only in those cameras making pictures 4% X 6 cm (13% X 2% inches) 
or half this size, namely 3 X 40r 4X 4cm. In cameras using a per- 
forated 35 mm. film, the winding key operates a sprocket which en- 
gages the perforations along the side of the film. An automatic stop 
locks the winding key when the amount of film required for the next 
picture is in place thus preventing overlapping exposures. 
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6. Attachments for specialized work. One of the very important 
reasons for the present popularity of the miniature camera is due to 
the attention which the manufacturers of some of the more popular 
models have given to the designing of attachments for specialized 
work. In some cases, there are several hundred such attachments de- 
signed for such diverse fields as copying, photomicrography, stere- 


Fig. 43. Principle of the Reflex Camera 


oscopy, and macrophotography, aside from special features such as a 
film rewind for making a number of exposures in rapid succession, 
synchronizing photoflash bulbs, self-timers, devices for panoramic pho- 
tography as well as a full line of equipment for processing miniature 
camera negatives and printing both by contact and projection. These 
have made some models of the miniature camera more nearly a uni- 
versal camera than any other now available. 

The Reflex Camera.—tThe reflex camera is so called from its 
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construction (Fig. 43). A mirror placed at an angle between the lens 
and the sensitive film reflects the image to a focusing screen at the top 
of the camera where it is seen right side up and in full size up to the 
moment of exposure. When the expo- 
sure lever is depressed the mirror 
swings up out of the way and covers 
the focusing screen. Upon reaching 
this position, it releases the focal plane 
shutter exposing the film or plate. The 
exposure is governed by the width of 
the aperture and the rate at which it 
moves across the surface of the sensi- 
tive material. In some reflex cameras, 
the mirror returns automatically to its 
original position as soon as the exposure 
lever is released ; in others, an interlock- 
ing device makes it necessary to return 
the mirror to its original position in 
front of the film before the shutter can 
be rewound for a second exposure. 
This prevents accidental exposure. 

Reflex cameras are available in a wide 
variety of models. The smaller are usu- 
ally designed for use with roll film; 
however, in the larger sizes it is usually 
possible to use cut film of plates, either in holders or a changing box 
(magazine), film packs in an adapter; or roll film in a detachable roll 
film holder. 

The reflex camera is favored by those who wish to be able to see the 
image on the focusing screen so as to study the arrangement of the 
subject to better advantage, but object to the inconvenience of the 
stand camera. Also it is one of the best types of cameras for photo- 
graphing rapidly moving objects since the focusing arrangement en- 
ables the moving object to be kept properly placed in the picture and 
in sharp focus while the focal plane shutter makes possible the rapid 
shutter speeds required to stop motion. 

The Twin Lens Camera.—This type of camera, shown in detail 
in Fig. 44, consists essentially of two cameras with matched lenses, 
one of which is used for focusing and arranging the subject and the 
other for making the picture. Cameras of this type are made in sizes 


Fic. 44. Twin Lens Camera 
(Rolleiflex) 
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2% X 2% and smaller; above this size the camera becomes rather 
bulky. The twin lens camera allows the image to be followed on the 
focusing screen to and during the exposure. There is no delay in 
exposure, as in the reflex, where time must be allowed for the swing- 
ing mirror. On the other hand, the images on the focusing screen 


Fig. 45. All Metal View Camera. (Eastman) 


and the film do not coincide exactly because of the separation of the 
two lenses. This is known as the parallax error and is unimportant 
in practice except in nearby subjects. Certain cameras of this type are 
fitted with devices which compensate for the parallax differences by 
masking the finder image. 

The twin lens camera does not offer the same facility as regards 
interchangeability of lenses as other cameras, since in this case, it is 
obvious that not one but two lenses are required. Aside from the 
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expense involved, it is difficult to provide for the proper separation 
between lenses of different sizes on the camera front. Thus, if space 
is allowed for the larger telephoto 
lenses, the distance is too great for 
the best results with the smaller 
lenses. 

The twin lens camera in its mod- 
ern form is deservedly popular on 
account of its simplicity, the ability 
to focus the image as in the reflex 
camera, and its ruggedness and gen- 
eral dependability. 

Professional Cameras.—The so- 
called view camera (Fig. 45) is 
intended primarily for general ex- 
terior and interior photography. 
It is designed for use with cut 
films or plates and is made as light 
and portable as is consistent with 
strength and rigidity. Usually it 
has a long bellows extension, may 
be focused from either the front 
or the rear, and the movements 
include a rising front, side and 
vertical swings to the back, and re- 
versing back. It is not fitted with  fy¢. 46, Typical Commercial Cam- 
either a finder or a focusing scale. era. (Century Universal) 

The commercial or technical cam- 
era (Fig. 46) has a much wider range of movements so as to meet 
the most exacting demands of technical photography. The vertical 
and horizontal swings have a much wider range than in the view cam- 
era and the front likewise is fitted with similar swings thus simplifying 
the photographing of tall buildings, cramped interiors, and commercial 
or industrial products requiring unusual perspective. 

The commercial studio camera (Fig. 47) is similar except that it is 
heavier and more substantially constructed since weight is not as im- 
portant as in a camera intended for use outside the studio. A rigid 
stand enables the camera to be raised to a height of from 8 to g feet 
from the floor and inclined to any desired angle. 

Cameras of nearly all types are used as occasion demands for press 
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photography but the camera usually associated with press photography 
is a rigidly constructed hand camera using cut film, plates, or film pack, 
and fitted with a focal plane as well as a between-the-lens shutter. To 
the latter is attached a synchronizing device for simultaneous operation 


Fic. 47. Modern Commercial Studio Camera Stand (Deardorff ) 


of a photoflash bulb and the shutter. At the present time, these de- 
vices are all separate attachments as no camera with a built-in syn- 
chronizer for photoflash lamps has been introduced commercially, 
Focusing is usually by a scale except when conditions permit the use 
of the ground glass focusing panel at the rear of the camera. Cameras 
in which a range-finder is coupled to the lens so that the latter is 
automatically focused when measuring the distance of the subject are 
a recent introduction. A wire frame or a direct vision optical finder 
enables moving objects to be located readily with the camera held at 
eye level. 

Cameras designed for professional studio portraiture (Fig. 49) have 
a long bellows and are substantially built, particularly in the front, so as 
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to accommodate the long-focus, large aperture lenses desired in por- 
trait work. Cameras of this type are focused from the rear, and the 
back is provided with vertical and horizontal movements. A sliding 


Fic. 48. Press Camera with Synchronizer for Photoflash Bulbs. (Speed 
Graphic Camera. Mendelsohn Speed-Gun Synchronizer) 


carriage enables two pictures to be made on one film or plate. In 
some cases, this sliding carriage is so designed that the loaded film or 
plate holder may be placed in one side and the slide withdrawn before 
the image is focused. Then when the subject is arranged and the 
image focused, the shutter is closed and the carriage shifted to place 
the film or plate in position for the exposure. This greately reduces 
the time elapsing between focusing and the exposure and is of real 
assistance in securing more lifelike portraits. 

An integral part of the outfit for studio portraiture is a strongly 
constructed stand which enables the camera to be raised from a posi- 
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tion a few inches above the floor to an elevation of about five feet and 
provides means for inclining the camera at an angle. 


Fic. 49. Century Studio Camera and Stand 


Two studio cameras of the reflex type are available commercially 
but are not in widespread use. One of these is arranged so that 
the image is seen from the side; in the other a double mirror enables 
the image to be seen from behind the camera. 


A number of portrait photographers use reflex cameras when mak- 
ing pictures of children. 


CHAPTER II 


PHOTOGRAPHIC OPTICS 


Introduction.—Light is that form of energy which is capable of 
affecting our sense of sight. The exact nature of light has been a 
subject of much conjecture among physicists and philosophers for 
many centuries. The ancients considered that a beam of light con- 
sisted of a stream of microscopic particles which radiated uniformly 
in all directions from the light source. This corpuscular theory of 
light held full sway in the minds of most physicists until Thomas 
Young, in the year 1800, published a paper in the Philosophical 
Transactions of the Royal Society entitled, “ Outline of Experiments 
and Inquiries Respecting Light and Sound.” In this and subsequent 
papers, Young showed both by experimentation and mathematical rea- 
soning that light energy must be of an undulatory or wave nature if 
such phenomena as diffraction and interference are to be explained in 
a. rational manner. The work of such scientists as Foucault in meas- 
uring the velocity of light in different media, Fraunhofer in establish- 
ing the wave length of various dark lines in the solar spectrum, and 
Maxwell in developing the electro-magnetic theory of light and its 
experimental verification, gave the impression that the corpuscular the- 
ory of light was dead. Such was not the case, however. In the latter 
part of the nineteenth century, it became necessary to attempt the 
explanation of a newly-discovered phenomenon—namely, the photo- 
electric effect. Considerable difficulty was encountered in explaining 
this effect by using the basic concept of light as being wholly of an 
undulatory character. In fact, it seemed necessary to again regard 
light as corpuscular in nature. This time the corpuscles became known 
as quanta and associated with each quantum was a characteristic fre- 
quency. Hence light is now regarded as being comprised of bundles 
of energy in the form of quanta, which have definite wave properties. 
Hence, light is considered as possessing undulatory as well as corpuscu- 
lar characteristics. Perhaps the nature of light may be best expressed 
as being undulatory and/or corpuscular, the selection depending en- 
tirely upon the physical phenomenon which is to be explained. The 
wave theory is usually employed when explaining such phenomena as 
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reflection, refraction, interference, polarization; and the quantum the- 
ory for such phenomena as photoelectricity, and recent effects in the 
field of X-rays and radiation. 

Velocity of Light.—In 1675, the Danish astronomer Romer ob- 
served that the time of revolution of the satellite of Jupiter varied 
with the position of the earth in its orbit. By studying and recording 
the magnitude of this variation, Romer was able to give the velocity of 
light in free space as 3.0 X 10'° centimeters per second, a figure in 
remarkably close agreement with the 2.99796 & 10% centimeters per 
second, given by Michelson as a result of a series of laboratory experi- 
ments published in 1926. Asa result of Michelson’s work, the velocity 
of light is probably more accurately known than almost any other phys- 
ical constant. The velocity of light in other media depends upon the 
nature of the medium and the frequency of the light. 

Reflection and Refraction of Light—A ray of light traveling in 
a homogeneous medium forms a straight-line path. However, when 
a light ray is incident upon a surface separating two different media, 
the path is in general broken at that point. In fact, the ray is divided 
into two portions, one of which proceeds into the second medium in a 
different direction, while the other is reflected back into the first 
medium, 

Should a normal be erected to the boundary surface at the point 
where it receives the incident ray, the angles which the incident, re- 
fracted and reflected rays make with this normal, all lie in the same 
plane. Further the incident and reflected rays make equal angles with 
the normal. See Fig. 50. The angle of the refracted ray with the 
normal, however, is smaller than either the incident or reflected angle, 
provided the second medium is more dense than the first. 

The Law of Reflection—The angle of incidence is equal to the 
angle of reflection and both lie in the same plane. 

The Law of Refraction.—The sine of the angle of incidence di- 
vided by the sine of the angle of refraction equals the index of refrac- 
tion of the second media with respect to the first. In mathematical 
language, this may be expressed as: 


__ sine of the angle of incidence _ sing 
sine of the angle of refraction sin? 


where 7 is known as the index of refraction of the second media with 
respect to the first. 


In terms of the velocity of light, the index of refraction of any 
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particular substance may be expressed as the ratio between the velocity 
of light in vacuum to that of the velocity of light in the medium being 
considered. Therefore, n—V/V' where V represents the velocity of 


pas te Rineface A-B 


\ 
N2—= index of | 
refraction of the : 
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7 = angle which incident ray makes with normal to surface A-B 
i’ = angle which reflected ray makes with the normal to surface A—B 
vy = angle which refracted ray makes with the normal to surface 4-B 


light in vacuum and V’ the velocity of light in the medium being con- 
sidered. The refractive indices of several common optical materials 
are given in the following table. 


INDEX oF REFRACTION OF OPTICAL GLASS 
(relative to air) 


Wave length, millimicrons 


Type of Glass 


400 450 500 550 600 650 700 

Silicatedilint eae enon 1.6528 | 1.6391 | 1.6302 | 1.6240 | 1.6193 | 1.6157 | 1.6129 
Telescope Flint...... 1.5393 | 1.5320 | 1.5270 | 1.5233 | 1.5206 | 1.5184 | 1.5166 

a Crown... .] 1.5406 | 1.5346 | 1.5304 | 1.5273 | 1.5249 | 1.5231 | 1.5216 
Boratestiints. .244.- 1.5938 | 1.5858 | 1.5802 | 1.5761 | 1.5730 | 1.5705 | 1.5685 
Dense Crown........} 1.5917 | 1.5855 | 1.5812 | 1.5780 | 1.5755 | 1.5736 | 1.5720 
ight Crowil. ene ae 1.5232 | 1.5174 | 1.5134 | 1.5104 | 1.5082 | 1.5064 | 1.5049 
Otiantzaen peice 1.5577 | 1.5519 | 1.5488 | 1.5460 | 1.5438 | 1.5421 | 1.5407 


Fused Quartz.......] 1.4700 | 1.4656 | 1.4624 | 1.4600 | 1.4581 | 1.4566 | 1.4553 
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The relative intensity of the reflected and refracted rays depends 
upon the character of the boundary surface between the two media. 
In general, a polished metallic surface reflects the larger proportion of 
light. The refracted portion is absorbed in an exponential fashion as 
it proceeds into the second medium. 

Wave Character of Light.—Fig. 51 represents the simplest form 
of wave motion, namely a sinusoidal motion of particles forming a 
transverse wave. This diagram is introduced primarily to aid in the 
definition of terms which are commonly used when describing wave 
phenomena. The distance between corresponding positions of two 
adjacent waves represents one wave length, the symbol for which is A. 
Let V be the velocity of travel of the wave and T the time required 
for one wave to pass a fixed point. Then A=VT. The quantity T 
is usually referred to as the period, while its reciprocal, 1/T, is known 
as the frequency, the symbol for which is f. Expressing A as a func- 
tion of f, we have A(T/f). 


= 


——— 
v 


Fic. 51 
X= One wave-length mu 
V = Velocity of travel of the wave, cm./sec. 
i = Amplitude of the wave, mu 


T = period, or the time required for one wave to pass a fixed point, sec. 
(T= /V) 
f = frequency =1/T = V/x 


The wave length of light waves is too short to be conveniently ex- 
pressible in the customary units of length such as inches or centimeters, 
The two units ordinarily used are the millimicron and the Angstrom; 
the former is 1/r1,000,000 part of a centimeter while the latter 
1/10,000,000 part of a centimeter. Visible light falls within the wave 
length range from 400 to 700 millimicrons. Within this region are 
found the following color sensations, the corresponding wave lengths 
being given below: 


oo Pol 
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Violet to 450 mp 
Indigo _to 460 mu 
Blue to 500 mu 
Green to 580 mu 
Yellow to 590 mp 
Orange to 620 mp 
Red 620 to 750 my 


Another important concept to understand in connection with the 
wave theory of light is the so called “ wave front.” The motion of a 
light wave in three-dimensional space may be likened unto the motion 
of a surface in which the phase of disturbance is everywhere identical. 
A surface of this character represents a so-called wave front. To 
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illustrate this further, let us consider S, Fig. 52, as a point source of 
light located in a homogeneous medium. Under such conditions, the 
velocity of propagation will be equal at all points and in all directions, 
and the wave front will emanate from the source as spheres of ever- 
increasing radii. At any particular instant, the disturbance may be 
visualized as a series of concentric spheres the loci of which are the 
source of light. 

About the middle of the seventeenth century, Huygens pointed out 
that successive wave fronts need not of necessity be considered as 
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having originated from the light source. In other words, the wave 
front may be considered as having originated from the disturbance on 
wave front C instead of from the source S, in which case each point 
on the wave front C would act as a center of disturbance from which 
secondary spherical waves emanate. Therefore, the wave front D 
describes the envelope of spheres of equal radii whose centers lie on 
surface C. Huygens’ wave front method offers a most direct approach 
to the facts of image formation and is consequently an invaluable aid 
of geometrical optics. 

Polarized Light—When one oscillates the end of a stretched 
rope with a periodic up-and-down motion, a set of transverse waves 
pass along the rope. A wave train of this type is known as a plane- 
polarized train of waves. If instead of moving the hand up and down 
a circular motion is imparted to it, a set of circularly-polarized waves 
are sent out along the rope. And likewise, if an elliptical motion is 
given to the hand, the waves which travel along the rope are said to be 
elliptically-polarized. Ordinary or natural light is considered to be 
composed of beams of plane-polarized light where all azimuths are 
represented. 

It is possible by various polarizing devices to change a natural light 
wave in such a fashion that only one direction of vibration is left, that 
is, it becomes plane-polarized. Natural light passing through a crystal 
of Iceland spar becomes plane-polarized. Ordinary unpolarized light 
which is specularly reflected at an angle of 32 to 37 degrees from any 
non-metallic surface is strongly polarized by the act of reflection. 
Light from a clear blue sky arising at right angles to the sun’s rays is 
also strongly polarized. 

Absorption.— When light passes through a material, some of its 
energy is lost by surface reflection and some by absorption within the 
material itself. Fig. 53 shows a beam of intensity J,, incident upon 
the surface AA of a piece of glass of thickness 4. At the first surface 
approximately 4 per cent of the incident light is lost by reflection in 
beam Ir, Of the remaining 96 per cent a certain amount is lost by 
absorption (beam Ja), the magnitude of this loss depending upon the 
character of the glass as well as its thickness. At the second surface 
(BB) another reflection loss occurs so that the final beam Jr has an 
intensity equal to J> — (J+, +Ja-+J,,). Therefore, the fraction of 
the incident light which is actually transmittal is represented by Ip/I>— 
this quantity being known as the transparency of the material. The 
reciprocal of the transparency is known as the opacity, that is 
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O=1/T. The so-called density of the material is defined as the 
natural logarithm of the opacity : 


I 
1D) logo O = logio ace 
8 
In general, the absorption of a material depends upon its thickness 
in an exponential fashion in accordance with Bouguer’s law, which 


joo 
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may be stated as follows: [—=J,t® where x is the thickness of the 
material and ¢ the transmission for a unit thickness. This law may 
also be written J —=J,e% where a is the so-called absorption coefficient 
of the material. 

The amount of light which a material absorbs is also a function of 
the wave length of the light. Therefore, absorption is said to be a 
selective phenomenon, Materials which are non-selective are of a 
neutral gray color. 
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The Reflection of Light by a Spherical Surface.—Fig. 54 shows 
a concave spherical reflection surface whose center is at V. The line 


Fic. 54. Reflection by a Spherical Mirror 


OV is termed the axis of the mirror and the point V its vertex. The 
location of the image O’ of the axial point object O may be determined 
in accordance with the following formula: 


| ea i 
ut oF 
where u equals the object distance OV’, v the image distance O’V, and 
f the focal length of the mirror whose value equals R/2.1 
If one wishes to image a light source at infinity, that is, to produce 
parallel light by means of a concave mirror, it becomes necessary to 


1In order to avoid ambiguity, it becomes necessary to adopt a sign convention 
to insure consistency in the uses of formulae relating to optical imagery. Since 
no convention is strictly universal, we shall select that used by Messrs. Hardy and 
Perrin in their recent text entitled “ Principles of Optics.” To quote: 

“1, Draw all figures with the light incident on the reflecting or refracting sur- 
face from the left. 

“2, Consider the object distance u positive when the object lies at the left of 
the vertex V’, 

“3. Consider the image distance wv positive when the image lies at the right of 
the vertex V. 

“4. Consider the radius of curvature R positive when the center of curvature 
lies at the right of the vertex. 

“5. Consider slope angles positive when the axis must be rotated counterclock- 
wise through less than 7/2 to bring it into coincidence with the ray. 

“6. Consider angles of incidence and refraction positive when the radius of 
curvature must be rotated counterclockwise through less than m/2 to bring it 
into coincidence with the ray. 

“7. Consider distances normal to the axis positive when measured upward.” 
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place the light source at the focus of the mirror. Under these condi- 
tions, all the rays which fall upon the mirror will be reflected parallel 
to the axis. It becomes obvious that it is advantageous to make the 
mirror as large as possible in order to receive a high percentage of 
the rays from the source and hence concentrate more light upon dis- 
tant objects. The previous formula is only a good first approximation 
and it will be found by experimentation that as the mirror is made 
larger the imagery becomes more and more inaccurate and parallelism 
of the projected rays less perfect. If instead of using a spherical mir- 
ror, a parabolic shape is resorted to and the source placed at its focus, it 
will be found that better results are obtained, since the geometrical prop- 
erties of a parabolic surface are such that all rays are projected in a 
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and Parabolic Mirror 


parallel beam no matter how large a portion of the surface is utilized. 
Fig. 55 shows an exaggerated example of the difference in action of 
the spherical and parabolic reflectors. 

The Refraction of Light from a Spherical Surface——In Fig. 56 
a spherical refracting surface is shown of which center is at C and ver- 
tex at V. A point object O lies in a medium of refractive index 1. 
Its image O’ is formed in the second medium having an index of re- 
fraction n,, the boundary surface between the two media being spheri- 
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cal. Let OO’ represent the axis of this system and the point V the 
vertex of the refracting surface. @ and ©’ are the so-called slope 
angles of the rays OJ and JO’. The law governing the formation of 
image O’ from object O in this case may be stated as 


where u is the object distance, V the image distance, n, and n, the in- 
dices of refraction of the first and second media respectively, and R 
the radius of the spherical boundary surface between these two media. 
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Fic. 56. Refraction at a Spherical Surface 


The Thin Lens in Air.—Fig. 57 represents a thin lens bounded 
by two spherical surfaces having vertices at V, and V,. The image of 
an axial point object O is represented by O’. Let OV, and V,O’ equal 
u and v, respectively. Since it is assumed that this lens is to be used 
in air, n, and n, will equal unity. For the sake of convenience, let 
n, =n, the index of refraction of the lens material. Under these 
conditions, the law governing the formation of image O’ may be stated 


The derivation of this equation, as given in any reliable text on geo- 
metrical optics, is made on the assumption that ¢, the thickness of the 
lens, is zero. Since this is an obvious impossibility, this equation must 
be regarded as an approximation to be used only in those cases where 
the actual thickness of the lens is a small percentage of its focal length. 
A later section (see page 82) offers a more extensive analysis for 
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use in those cases where the lens thickness itself is of sufficient size to 
be important. 

Figure 58 shows the various types of spherical thin lenses encoun- 
tered in practice. Those shown on the top row of this figure are so- 
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called converging lenses, since a pencil of light falling upon one of these 
is made more convergent. A converging lens, frequently called a posi- 
tive lens, is characterized by the fact that it is thicker at the center than 
at the edges and therefore has a positive focal length. Diverging or 
negative lenses, on the other hand, are always thinner at the center than 
at the edge. A pencil of light incident upon a diverging lens is ren- 
dered more diverging, thereby producing a virtual image. Fig. 59 


BI-CONVEX PLANO-CONVEX CONVERGING 
MENISCUS 


POSITIVE CONVERGING LENSES 


BI-CONCAVE PLANO-CONCAVE DIVERGING 
MENISCUS 


NEGATIVE DIVERGING LENSES 
Fic. 58 
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shows the action of both a converging and a diverging lens upon a 
parallel beam of light. It will be noted that the converging lens forms 
a real image at a distance f from the lens and on the opposite side from 
the source. The diverging lens, on the other hand, forms a virtual 
image at a distance f from the lens but on the same side as the source. 

Magnification Produced by a Thin Lens.—So far, only the 
images of points lying on the optical axis of the lens have been con- 


sidered. Fig. 60 shows an object h (represented by an arrow), lo- 
cated at a distance u from the lens. The image of this object may 
be located by tracing two rays from the top of the arrow, the one ray 
OA being parallel to the optical axis, while the other, OC , is directed 
toward the optical center of the lens. At point A, the ray OA will © 
be refracted through the focal point f and will therefore continue in 
the image space in the direction Jf. The ray OC, however, will pro- 
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ceed unrefracted in the direction CO’, where OCO’ is a straight line. 
Since the rays JO’ and CO’ intersect at point O’ this may be re- 
garded as the image of point O. The image h’ is an inversion of the 
object h, and, in general, it will differ in size from the object. 

If h and A’ represent the height of object and image respectively, 
the magnification produced by the thin lens may be said to equal h’/h. 
It will be observed from the geometry of Fig. 60 that the magnifica- 
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tion produced by the thin lens is also equal to v/u. Fig. 61a indicates 
the relation between object and image for a positive converging lens 
when the object is located within the focal length of the lens. Here 
the image is much enlarged, erect, and on the same side of the lens as 
the object, that is, a virtual image. Such is the action produced by 
a simple magnifying lens or reading glass. 

Figure 61b shows the image formed by a diverging lens. In the 
case shown, the image is virtual, erect, and smaller than the object. 
Therefore, a diverging lens makes objects look smaller. It has the 
compensating advantage, however, that the field of view has been 
considerably enlarged. 

The Diopter.—The dioptric power of a lens is equal to the re- 
ciprocal of its focal length in meters, that is, D—1/f. Therefore, 
a lens whose focal length is one meter has a strength of one diopter. 
Likewise, a lens whose focal length is one-half meter has a power of 
two diopters, etc. 

Systems of Thin Lenses.—The final image produced by a sys- 
tem of thin coaxial lenses is found by using the image produced by the 
first lens as the object of the second lens, etc. throughout the system. 
A somewhat simpler and more direct method is to compute the focal 
length of the combination of thin lenses and treat the combination as 
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a single lens. This may be obtained by dividing the continued product 
of the focal length of each of the lenses in the system by the sum of their 
focal lengths provided the lenses are in intimate axial contact. When 


Fic. 61b. Magnification Produced by a Negative Lens 


large gaps exist between the individual lens elements, the former 
method outlined above must of necessity be used. 

The Thick Lens in Air.—For those cases where the thickness of 
the lens is a substantial portion of the focal length, the approximate 


formulae given in the preceding sections are inadequate. When this 
is the case, the formula 
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may be used, provided u and v are measured from the two principal 
points of the thick lens, and if for f we use the “ equivalent focal 
length.” Point P, and P, in Fig. 62 are the two principal points for 
the biconvex lens shown. The equivalent focal length in this case is 


F.F.L. = Front 
Focal Length 
B.F.L. = Back 
Focal Length 
E.F.L. = Equiva- 

lent Focal Length 
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the distance E.F.L. It will be noted from examining Fig. 62 that 
u and v are measured from the two principal points. 

The principal points of any lens lie on the axis and are conjugate one 
to another, that is, one point is the image of the other. Hence, an 
entrance beam which passes through the first principal point converges 
from the second principal point and is parallel to the entrance beam. 
The location of the two principal points and the equivalent focal length 
of a thick lens may be computed according to the equations given 
below: 


‘Ry 
Vihar = n(R; — R2) — t(n — 1)’ 
a tR» 
oes n(R; — Re) — t(n — 1)’ 
ial Gil Pmt Riis 
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The quantity ¢ represents the thickness of the lens, m the index of re- 
fraction of the glass, and R, and R, the radii of the front and rear 
lens surfaces. 

A biconvex or biconcave lens with surfaces of equal curvature 
have the two principal points located at equal distance from the two 
vertices. When one surface is more strongly curved than the other, 
both principal points tend to move toward the more strongly curved 
surface. When one surface of the lens is plane, one principal point 
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lies at the vertex of the curved surface. The principal points for a 
meniscus lens usually lie entirely outside of the lens. 

From Fig. 62, it will be observed that a thick lens has three focal 
lengths : the back focal length, the front focal length, and the equivalent 
focal length. The equivalent focal length represents the focal length 
of a thin lens which would have the same strength as that of the thick 
lens being computed. It will be observed that the back focal length 
and the front focal length are measured from the lens surfaces instead 
of from the principal point. 

Planes erected through the principal points of a lens orthogonally to 
the lens axis are known as principal planes, or planes of unit magnifica- 
tion. Fig. 63 indicates a method of locating an image formed by a 


Fic. 63. Method of Locating an Image by Principal Planes 


thick lens. Here the planes P, and P, are the principal planes of the 
lens. With O as the object, the ray OP, will emerge at P,, the ray 
P.O’ being parallel to OP,. Likewise, the ray OA, which is parallel 
to the axis, will emerge at A’, passing through the focus f and con- 
tinuing to the image point O’. The intersection of ray P,O’ and A’O’ 
locates the position of image O’. Here again, the ratio between 1’ 
and h is the magnification produced by the lens. 

Combination of Thick Lenses—When two thin lenses of focal 
length f, and f, are placed in contact, the focal length of the combina- 
tion is given by 

SUjo8 
Keane 
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When thick lenses are used, however (or thin lenses which are not 
in contact), the effective focal length of the lens system is given by 
the following equations: 


a Is 
ters +fe-—a- 


Here f, and f, are the equivalent focal lengths of the two thick 
lenses and a is the distance from the second principal point of the first 
lens to the first principal point of the second lens. 

The action of two thin lenses may be considered equivalent to a 
single thick lens having equivalent focal lengths as given by the fore- 
going equation and two principal points as located by the two following 
equations: 
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In the foregoing equations, ~,P, represents the distance from the 
first principal point of the first single thick lens to the principal point 
of the equivalent thick lens ; and the distance p,P, that from the second 
principal point of the second component lens to the second principal 
point of the equivalent lens. 

Entrance and Exit Pupils—Let us consider the action of two 
thin lenses between which is placed a diaphragm or stop. Such a 
system is shown in Fig. 64. This is representative, in an elementary 
sort of way, of the construction of a typical photographic objective. 

When an objective of this type is examined from the object side, 
the size of the diaphragm appears to be that of E’ rather than E, where 
E’ is the image of E as formed by the front lens. Likewise, when E 
is examined visually from the rear of the objective, it appears to be 
of size E” instead of E, where in this case E” is the image of E as 
formed by the second lens. According to the nomenclature developed 
by Abbe, E itself is known as the aperture stop while E’ is called the 
entrance pupil and E” the exit pupil. 

Although the entrance and exit pupils in Fig. 64 are larger than the 
actual aperture stop, such need not necessarily be the case. In any 
well-designed photographic objective, however, the aperture stop is 
usually smaller than either the entrance or exit pupil, that is, it is 
smaller than the images of this aperture stop as formed by the front 
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and rear lens elements respectively. It should be noted that the 
entrance and exit pupils E’ and E” may be found directly by using E 
as an object and determining its image as formed by the first and 
second lenses respectively. 


I 
a 
uU 


Fic. 64. Imagry of Entrance and Exit Pupil 


D = actual diameter of diaphragm 
D' = diameter of the “entrance pupil” 
D" = diameter of the “exit pupil” 


Relative Aperture——The speed or light-gathering power of a 
photographic objective is usually spoken of in terms of the so-called 
relative aperture. Relative aperture is arbitrarily defined as the ratio 
between the focal length of the lens and the diameter of its entrance 
pupil. 


where R.A. = relative aperture or f/number, 
focal length, 
D’ = diameter of the entrance pupil. 


l| 


Therefore, if a lens has a focal length of 100 millimeters and the 
diameter of the entrance pupil is 20 millimeters, its relative aperture, 
or speed, is equal to 100/20== 5. That is, the lens has a rated speed 
Onst es: 


Most high-grade photographic objectives are equipped with ad- 
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justable aperture stops, commonly known as iris diaphragms. When 
this is the case, the speed, or light-gathering power, of the objective 
may be changed at will simply by changing the diameter of the iris 
diaphragm. In this way the denominator of the f/number equation 
given above becomes variable; therefore the speed of the lens is 
adjustable at the will of the user. For example, if the diaphragm is 
stopped down to 10 mm. instead of 20 the speed of the objective 
changes from a value of f:5 to a new value of 100/10—f:10. Since 
the lens has been stopped down, thus decreasing the diameter of the 
aperture, we would expect it to be slower, that is, to gather less light. 
Consequently, a speed of f:10 is slower than a speed of f:5, the dif- 
ference in speed being proportional to the change in area of the en- 
trance pupil. Since the areas of circles are directly proportional to the 
squares of their diameters, it follows that the speeds of photographic 
objectives are inversely proportional to the squares of their f numbers. 
Hence a lens operating at {:5 is four times faster than the same lens 
operating at f:10. 

Although the f/number system is now universally used throughout 
the world, formerly lens speeds were rated on the U. S. (Uniform 
System). In the U. S. system, the numbers are directly proportional 
to the exposure required, f:4 being taken as unity. A comparison 
between the f{/number system and the U. S. system is given below: 


f/number fi t/A 5 t/ 5:08 D/O.sy  t/ Oe t/t / TO 1/22 t/2e2 =. f/ais 
WES: I WAS 25 4 8 16 32 64 128 
Relative exposure 

required I 2 4 8 16 22 64 128 


Experimental Determination of Relative Aperture-—When the 
focal length of a photographic objective is known, it is only necessary 
to determine the diameter of the entrance pupil in order to find its 
relative aperture. The diameter of the entrance pupil may easily be 
found experimentally by a process devised by A. Steinheil. After the 
camera is set on the infinity mark, the ground glass is removed and 
replaced by an exactly-fitting piece of cardboard which has a small 
circular hole about two millimeters in diameter at its center. Care 
should be exercised in fitting the piece of cardboard, since the hole at 
its center should coincide with the optical axis of the lens. In the 
darkroom a small piece of bromide paper is fitted inside the lens cap, 
and this is placed over the front of the lens with the emulsion side of 
the paper toward the lens. An incandescent lamp is now held behind 
the hole in the cardboard for a few seconds. A black circular disk will 
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be found upon the bromide paper upon development, the diameter of 
this circle being equal to the entrance pupil of the objective. This will 
be seen readily by studying the course of rays from the small circular 
aperture in the cardboard. The f/number, or speed of the lens, is 
now readily found by dividing its focal length by the diameter of the 
black circle appearing on the bromide paper. 

Angle of View.—The angle of view of any objective is the angle 
subtended by two lines drawn from the node of emergence to the 
corners of the plate in use. The shorter the focal length of the lens 
in relation to the size of the plate, the greater the angle of view and the 
more of the subject included from a given viewpoint. 

It is often of advantage to be able to calculate the maximum angle of 
view for a given lens on a certain sized plate, and to render this a 
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simple matter we have reproduced a chart by which this information 
can be simply and rapidly secured. 

The maximum angle of view possible with any lens depends upon 
the relation between its focal length and the size of the plate which it 
will cover with satisfactory definition. For a given size of plate, the 
shorter the focal length of the lens, the greater is the angle of view, 
while on the other hand, the larger the plate which a lens of given 
focal length will cover with sufficiently critical definition, the greater 
is its angle of view. Thus a lens of six inch focal length will include 
a much greater angle if used on a 5 X 7 plate than if used ona 4 X 5 
plate. Most lenses, however, particularly if of high speed, will not 
cover satisfactorily a plate much larger than that for which they are 
designed unless considerably stopped down. A lens made to cover 
with satisfactory definition a field large in proportion to its focal 
length is termed a wide angle lens. ; 

Exposure Correction Required when Lens is not at Infinity 
Position.—The f/number marked on the lens mount of any cam- 
era indicates the relative light gathering power of the lens for the 
infinity position only, i.e, when vf. For other lens positions, as 
for example, when one is photographing an object at a distance of 
6 feet, the f/numbers as marked are incorrect, and, therefore, an 
exposure correction should be made to compensate for this error. 
The amount by which the exposure should be corrected for this con- 
dition is given by the ratio v?/f?. To illustrate the use of this rela- 
tion, consider the case where the lens has been racked forward from 
its infinity position by an amount equal to one focal length—as would 
be the case for copying at unit magnification. Under these conditions, 
v= 2f, hence, v?/f? = (2f)?/f?=4. This indicates that four times 
the exposure is needed at unit magnification than for infinity. Hence, 
if a photoelectric exposure meter indicated the exposure to be 1 second 
at £/16, it would be necessary, at unit magnification, to give either 
4 seconds at f:16 or to open up the lens to f:8 if the exposure time is 
kept at 1 second. 

Depth of Field.—Theoretically, even a high-grade photographic 
objective is incapable of forming a sharp image of more than one 
plane in the object space. In practice, however, not only the subject 
focused upon appears sharp, but subjects somewhat nearer and those 
much farther away also appear tolerably sharp. The distance from 
the nearest to the farthest points that appear sharp is called the depth 
of field of the objective. The depth of field of a given lens depends 
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upon (1) its focal length; (2) its relative aperture ; (3) the distance 
of the lens from the plane focused upon; (4) the diameter of the per- 
missible circle of confusion; and (5) the presence of various lens 
aberrations. 

In general, the image created by even a theoretically perfect lens 
does not fall upon a flat plane unless the object photographed is a flat 
plane. Therefore, we must consider the image formed when photo- 
graphing a three-dimensional object as also being three-dimensional. 


Fic. 65 


For example, in Fig. 65 let us consider that A and B represent two 
points in the object being photographed. A lens AA forms images 
at these points as A’ and B’, respectively. It is obvious that no flat 
plane perpendicular to the optical axis can be drawn which will include 
both points A’ and B’. Therefore, it is impossible to place a film in 
the image space which can record both of these points at the same time 
and still have the film orthogonal to the optical axis. If the film were 
located in some such plane as FF, then the images of points A and B 
in the film plane would be recorded as disks rather than points. A 
disk of this sort is called a circle of confusion. 

If the circle of confusion is small enough, one is unable to visually 
distinguish it from a point. Therefore, the actual point image may 
fall slightly in front of, or slightly behind, the film without causing a 
blurred effect on the negative in the mind of the observer. Fig. 66 
shows the imagery of two axial point objects A and B at A’ and B’ 


BrowNn—Theory and Practice of Depth of Focus. Brit. J. Phot., 69 
(1922), 492, 507, 521, 534. 

SoutHwortH—Numerical Expression for the Depth of Focus. Brit. J. 
Phot., 76 (1929), 483-486. 
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respectively. If the maximum permissible circle of confusion is repre- 
sented by d, then the planes X’ and Y’ represent the limits within which 
the film may be placed without exceeding a circle of confusion greater 


Depth of focus 
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Depth of field Fic. 66 


than d. This permissible film range is known as the depth of focus, 
while the conjugate range in the object space is termed the depth of 
field. Hence in Fig. 66 the distance XY is the depth of field and the 
distance X’Y’ the depth of focus, provided the circles of confusion on 
the film do not exceed an amount which may be tolerated by the eye. 

Depth of Field and Hyperfocal Distance——The manufacturers 
of photographic objectives usually allow a circle of confusion whose 
diameter equals 1/1000 of the focal length of the lens in computing 
depth of field tables. Hence, for a 2-inch lens the tolerable circle of 
confusion would equal 1/500 of an inch, while for a 10-inch lens the 
circle of confusion would be 1/100 of an inch. This method of 
selecting the permissible circle of confusion compensates automatically 
for the fact that the shorter focal length lenses are used on miniature 
cameras where enlargements are almost inevitably made from these 
negatives. 

In computing depth of field tables it is customary to utilize the so- 
called hyperfocal distance. When a camera is focused on the hyper- 
focal distance, all objects within the range from infinity to a position 
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half way between the camera and the hyperfocal point appear to be 
in focus. A lens is said to exhibit its maximum depth of field for a 
given aperture when it is focused upon the hyperfocal distance. A 
knowledge of the hyperfocal distance for a given lens at its various 
apertures prevents unnecessary stopping down in order to secure maxi- 
mum depth of field. The hyperfocal distance of a given objective may 
be computed by means of the following equation : 


FP? 

~ (f/number) d 
where H represents the hyperfocal distance in inches, F the focal 
length of the lens in inches, and d the diameter of the circle of confu- 
sion in inches (d= F divided by 1000). 

After having computed the hyperfocal distance, the near and far 
distant points of sharpness may be computed in accordance with the 
following formulas: 


H 


: Hx 
t t of sh = ——— 
nearest point of sharpness = 77-7 — » 
farthest point of sharpness = = ; 
tt hee 


To illustrate the use of these formulas, consider the case in which 
a photograph is made using a lens having a relative aperture of [:8 
and a focal length of 10 inches, the object being 20 feet from the 
camera and a circle of confusion of 1/100 of an inch being regarded 
as permissible. In this case, 


= iaumbaya > SSC aon 
Tis 
H+x 
1250 X (20 X 12) 
1250 + (20 X 12) 
= 201.8 
—_ 16’ ss 9’. 
Hx 
H—<x 
1250 X (20 X 12) 
1250 — (20 X 12) 
— BOT” 


, 


= 24' — ee 


nearest point of sharpness = 


farthest point of sharpness = 
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Hence, as measured from the camera, the depth of field extends from 
16 feet 9 inches to 24 feet g inches and, therefore, the zone of sharp- 
ness extends 3 feet 3 inches in front of the object and 4 feet 9 inches 
beyond it. It will be noted that the depth of field is not equal on both 
sides of the object. 

The point on which to focus in order to obtain sharp definition on 
two objects at different distances from the camera without unnecessary 
stopping down can be determined by a very simple calculation which 
usually can be done mentally. The rule is to multiply the two dis- 
tances, double this, and divide by the two added together. Thus, if 
the two objects are placed 4 and 6 feet from the camera, the point on 
which to focus would be found as follows: 


4-6 X 2. 48" 
eS pani a tree 

Focus on this distance using the lens at its largest aperture and then 
reduce the aperture until the two objects are sharp. By knowing the 
exact point on which to focus, the use of a stop smaller than absolutely 
necessary is avoided.? 

Lens Aberrations.—The mathematical relations used to locate 
the image formed by a lens are based on the assumption that the mar- 
ginal rays come to the same focal point as the axial rays. When an 
actual lens is examined in practice, however, it is found that this is 
not the case. The failure of all the rays to converge to a common 
point after refraction results in a lack of perfection in imagery which 
is referred to as lens aberration. In other words, the presence of 
aberrations causes object points to be imaged not as points but as small 
finite areas of light, the size of these areas being directly proportional 
to the magnitude of the aberrations present. It is obvious that the 
smaller these areas become (through skillful lens design) the sharper 
the resulting image. It, therefore, becomes the problem of the lens 
designer to so shape the lens surfaces that these aberrations are reduced 
to a minimum in order that the image may be as sharp as possible. 


4.8 ft. 


2 Graphical methods of determining the point on which to focus: Collins, Brit. 
J. Phot., 67 (1920), 659, 676. Abacus for Optimum Focusing Distance, British 
Journal Photographic Almanac. Browne, “Simple Depth Chart.” Brit. J. 


Phot., 70 (1923), 775. 


Lree—Chart for Finding the Depth of Focus. Phot. J., 62 (1922), 229; 
Brit. J. Phot., 69 (1922), 135. 
Satt—Graphic and Simple Method of Demonstrating Some Aberrations of 

Lenses. Brit. J. Phot., 76 (1929), 308. 
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The presence of aberrations in a lens arises from several different 
causes, each of which may be spoken of separately although in practice 
the aberrations seldom exist alone. The aberrations which are com- 
monly considered separately are: spherical aberration, chromatic aber- 
ration, coma, astigmatism, distortion, and curvature of field. 

Spherical Aberration—Fig. 67 represents the type of image ob- 
tained with a lens having considerable spherical aberration. It will 
be noticed that the marginal, or rim, rays come to focus nearer 


Fic. 67. Spherical Aberration 


the lens than the axial rays,—in other words, the rays passing through 
the lens do not cut the axis at a single point. In a single positive lens 
the rays farthest from the axis come to focus closer to the lens, while 
in a negative lens the opposite is true. Hence, the combination of a 
positive and negative lens of proper strength may be used to eliminate 
spherical aberration. Another but somewhat more expensive method 
of correcting spherical aberration is to form a non-spherical surface 
the shape of which will cause all the rays to come to a single point of 
focus. A single lens of this type is known as an aspheric lens. From 
this it is evident that spherical aberration is due to the surface of the 
lens being spherical.® 

The combination of a positive and negative lens to neutralize spheri- 
cal aberration is a common procedure used by lens designers to over- 
come this inherent difficulty encountered with spherical glass surfaces. 
In the manufacture of photographic objectives, it is common practice 
to adhere to plane and spherical surfaces and to minimize spherical 
aberration by the proper choice of radii of curvature for the lens 

8 Aspherical surfaces are used to a limited extent in the manufacture of con- 
denser lenses where the improvement in imagery justifies the large expense en- 
tailed by the handwork that must be done in shaping such a lens surface. This 


technique is usually resorted to only in those cases where the maximum amount 


of light must be passed by the condensing lens and one cannot afford to lose the 
rim ray component, 
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surfaces. A plano-convex lens used with its convex surface toward 
the incident light gives far less spherical aberration than almost any 
other type of single lens, particularly where parallel light is incident 
upon the convex surface. 

It is usually considered satisfactory if a photographic objective 
exhibits no more spherical aberration than an amount equal to approxi- 
mately one-third of one per cent of its focal length. Therefore, in a 
too-mm. lens marginal rays focusing at 3/10 of a mm. in front of the 
axial rays would be tolerated. 

Chromatic Aberrations.—We have previously shown that the 
focal length of a single lens may be represented by the equation: 


= I 
I 1 
(nw — I) i - z) 

As pointed out on page 71 the index of refraction m of any optical 
glass is different for light of different wave lengths. From this it 
follows that any single glass lens has a different focal length for each 
color of the spectrum. This effect is known as chromatic aberration. 
With a simple positive lens the focal length is shorter for blue light 
than for red, because all glasses exhibit a higher value of for blue 
light than for red light. With a negative lens, however, the opposite is 
true and the focal length is shorter for red than for blue. Therefore, 
chromatic aberration may be corrected by making a compound lens of 
two separate lenses, one positive and the other negative, provided they 
are of the proper strength and correct indices of refraction. In prac- 
tice, the positive lens is usually made of crown glass and the negative 
lens of flint. With flint the index of refraction varies by a consider- 
able amount from color to color, while the effect is not so marked with 
crown glass. In design the negative flint lens is so made that its 
variation of focal length with color is sufficient to compensate for the 
focal length color variation in the crown lens. By using flint glass 
for the negative lens, the converging effect of the positive component is 
not entirely neutralized and the resulting combination is a positive lens 
in which chromatic aberrations have been eliminated. In practice, the 
curvature of the two adjacent surfaces of the two components are 
made the same so they may be cemented together with Canada balsam. 
This cement makes the two lenses a single unit eliminating the reflec- 


f 


Herrtott—A Method of Measuring Axial Chromatic Aberration in an 
Objective Lens. J. Soc. Mot. Pict. Eng., 20 (1933), 323-331. 
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tion losses which would be present at the inner surfaces were they 
separated. 

Formerly, when photographic plates were only blue sensitive, the 
problem of chromatic aberration did not assume the importance that 
it does today with supersensitive panchromatic emulsions sensitive to 
light of all colors. Also, for color photography it is particularly im- 
portant that the photographic objective be free from chromatic aberra- 
tion to eliminate color fringing. Today the problem of correcting for 
chromatic aberration transcends in importance all other corrections if 
the lens is to be used for color photography. 

A doublet lens consisting of a positive and negative element which 
have been achromatized to eliminate chromatic aberration is known as 
an achromat. 

Astigmatism.—Fig. 68 indicates the manner in which an oblique 
parallel beam of light incident upon a single positive lens is brought to - 


Fic. 68. Astigmatism 


focus. When an oblique light beam of this nature is passed through 
a positive lens, a loss of perfection in imagery results known as astig- 
matism. The type of image formation can be understood best by 
considering the appearance of the image formed on a ground glass 
which is held in the neighborhood of the point of focus. If the ground 
glass is held at point A, the image is an erect vertical line; at an inter- 
mediate point the image is an ellipse. At a point midway between 
A and B the image is a circle, while at B the image again is a straight 
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line but this time a horizontal one at right angles to the line image 
formed at point A. The thumb-nail sketch illustrates the type of 
images formed in the neighborhood of focus where astigmatism is 
present. 

The effect of astigmatism upon the image of an object containing 
horizontal and vertical lines is interesting. If the negative plane is 
so located that horizontal lines are in focus, then vertical lines are out 
of focus and vice versa. In other words, either vertical or horizontal 
lines can be focused sharply, but both cannot be in focus simul- 
taneously. 

In practice, astigmatism is lessened by the use of compound lenses 
having glasses of properly selected indices and by using a combination 
of spherical surfaces which bear the proper relation to each other. It 
should be borne in mind that astigmatism is an off-axis characteristic, 
and when an image is being examined for astigmatic defects the mar- 
ginal regions rather than the center should be scrutinized. A wire 
mesh screen photographed against a blue sky offers a very convenient 
subject to photograph when testing a lens for astigmatic defects. If 
astigmatism is present, the horizontal wires are sharp at one point of 
focus while the vertical lines are definitely out of focus. The reverse 
is true for a slightly different image plane. 

Coma.—When a bundle of rays pass obliquely through a single 
lens, it frequently happens that the rays in the neighborhood of the 
image come to a focus in approximately the same plane but fall at 
different points instead of being superimposed. When this occurs, the 
lens is said to suffer from coma. 


Figure 69 shows a comatic image. For the sake of clearness let us 
consider the lens to be divided into several circular concentric zones. 
The image formed by the zone nearest the axis is represented by the 
small circle at A. The image formed by each successive zone is a 
slightly larger circle of confusion and displaced to the right. It is 
evident that most of the light is concentrated in the region of the 
smallest circle, and as a result the image is brightest at its small end 
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and falls off in intensity toward the larger end. The resemblance of 
this image to that of a comet is responsible for the name of this 
aberration. 

Coma is sometimes referred to as the spherical aberration of oblique 
rays. Like astigmatism it occurs at the margins of the image field 
rather than at its center. In considering both astigmatism and coma 
it should be remembered that only the simplest possible case has been 
presented here, and we have assumed that all other aberrations are 
absent. For a further discussion of this subject the reader is referred 
to any of the many reliable texts on optics. The elimination of coma 
from a compound lens is accomplished by cementing together single 
negative and positive lenses each of which suffers from coma but in 
the opposite sense. In practice, it is almost impossible to correct for 
coma in all the circular zones of the lens. Therefore, a lens is said to 
be coma free when it exhibits no coma for some particular zone and 
the amount of coma in other zones is reduced to a negligible amount. 
A doublet lens which is free from both spherical aberration and coma 
for some particular point is referred to as an aplanat. 

Curvature of Field—Curvature of field and distortion differ 
fundamentally from the four aberrations already discussed in that they 
do not pertain to the perfection of the imagery of an object point. 
Curvature of field and distortion refer to the relative location of dif- 
ferent image points as compared with the relative location of the 
object points. In other words, curvature and distortion refer to the 
spacial arrangement of the image points rather than to their degree 
of perfection. When the image points of a plane object lie upon a 
curved surface rather than a plane, the lens is said to suffer from 


curvature of field. Fig. 70 represents such a condition. This type 
of aberration is particularly disadvantageous in photographic objec- 
tives since photographic surfaces are, in general, confined to a plane 
surface, thereby making it impossible to focus the entire object 
sharply upon the sensitive material. Curvature of field may be cor- 
rected to some extent by using a combination of two lens elements of 
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proper indices. Much more can be done, however, to minimize this 
aberration by separating the elements and placing a diaphragm of 
the proper size between them. An excellent example of this may 
be seen by examining the field of a single lens and comparing it with 
the field produced by a combination of two lenses, one positive and the 
other negative, the combination, however, having the same focal length 
as the single lens. A stop, or diaphragm, located at a suitable dis- 
tance in front of a simple meniscus lens tends to flatten the field 
quite effectively. This procedure is known as artificially flattening 
the field, a technique employed in the manufacture of many inexpensive 
lenses. This effect is produced by the action of the diaphragm in 
causing the rays forming the image at the edge and the center of the 
field to traverse different portions of the lens. 

Distortion—When a square object is imaged in the manner 
shown at A or B in Fig. 71 the lens producing this image is said to 
suffer from distortion. Distortion arises 
from the fact that the linear magnification 
varies with the distance from the axis. 
If the magnification is greater at the 
margin of the field of view than at its 
center, as shown at JA, positive distortion yg. vt. Types of Distortion 
results; while if the magnification is 
greater at the center of the field than at its edges, negative distortion 
results, as shown at B. The terms pim cushion and barrel distortion 
are usually associated with the type of images formed at A and B 


A B 


respectively. 

The type of distortion as well as its magnitude depends largely upon 
the position of the diaphragm. Fig. 72 illustrates the effect of dia- 
phragm location in the case of a plano-convex lens. It will be noted 
that when the diaphragm is placed in front of the lens, barrel distor- 
tion results, while if the diaphragm is located behind the lens, pin 
cushion distortion is shown. The third diagram shows an effort to 
combine these two opposite errors. When the diaphragm is placed 
at the proper point between the two lenses, the positive error of 
the first lens will be neutralized by the negative error of the second 
and a rectilinear, or non-distorted, image is produced. In a well de- 
signed photographic objective, the amount of distortion seldom exceeds 
3/10 of one per cent, even for angular distances as great as 30 degrees 
from the axis. Symmetrical objectives of the rapid rectilinear type 
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exhibit little or no distortion since they are constructed symmetrically 
about the diaphragm. 


Fic. 72, Effect of Position of the Diaphragm on the Type of Distortion 


Balancing Aberrations in Lens Design.—In any specific photo- 
graphic objective it is impossible to eliminate certain imperfections 
which of necessity must be present,—in fact no optical system has as 
yet been devised which eliminates even a single aberration completely 
for even a single position of the object. The best that the lens de- 
signer can do is to balance the aberrations to produce a lens which is 
useful for the purpose intended and at the same time not requiring too 
many elements thereby making it difficult to manufacture. Usually 
the lens designer develops a lens to eliminate, insofar as possible, those 
aberrations which would be most detrimental. With this in mind, he 
so selects the components, and so shapes them, that these aberrations 
will be reduced to a minimum and at the same time none of the others 
will reach such a magnitude as to become objectionable. Usually, if 
the demands of the user are such that the relative aperture and size 
of field to be covered are not excessive, the aberrations can be so 
controlled that the quality of the image is limited solely by the finite 
nature of a wave length of light. Even in the case of wide-angle, 
high-aperture lenses, the designer usually produces an objective which 
is superior in its image formation qualities to the skill of the user. 

Resolving Power.—As previously pointed out, a study of the 
nature of light reveals it to be of a wave character. It is a commonly 
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observed phenomenon that waves, for example, ocean or water waves, 
bend around the end of a breakwater thereby invading that portion of 
the water surface which would normally be completely sheltered if the 
waves travelled only in straight lines. An opaque body, such as a 
diaphragm or stop, may be considered as an “ optical” breakwater 
sheltering those areas behind it from the intrusion of light waves. 
A careful study of the action of lens diaphragms reveals, however, that 
a certain amount of the light is bent around their edge and thereby 
invades that portion where normally no light rays would be 
expected. 

Since the wave length of light is extremely short, the extent to 
which light rays are bent around a diaphragm is slight, but still is 
sufficient to affect the quality of the im- 
age, particularly when the diaphragm is 
small. This phenomenon is referred to 
as diffraction. The diffraction pattern 
produced by a lens is shown in Fig. 73. 
The center spot represents the legitimate 
image which would be produced alone 
were no diffraction present. However, 
as a result of diffraction, the image is 
surrounded by a series of concentric 
rings which gradually fall off in inten- 
sity. As the size of the diaphragm is in- Fic. 73. Diffraction Image 
creased, these diffraction rings tend to 
disappear. However, on the other hand, as the lens is “ opened up,” 
other aberrations enter in to impair the quality of the image. There- 
fore, to secure optimum sharpness, the lens aperture must be small 
enough to minimize the normal lens aberration and yet not so small as 
to introduce serious diffraction. For this reason, it is usually found 
that with a given photographic objective, say, for example, an f:4.5 
anastigmat, maximum sharpness is secured when operating at some 
intermediate aperture such as f:11 rather than by stopping down to the 
smallest possible diaphragm, as for example, f :32. 

The so-called resolving power of a lens may be determined by view- 
ing two closely adjacent point light sources through the lens. As the 
light sources are brought closer and closer together, a condition arises 
where they are no longer distinguishable as two separate points of 
light, and under these conditions the resolving limit of the lens is said 
to have been obtained. The angle subtended by two such points, 
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which are just far enough apart to permit resolution, is commonly 
referred to as the resolving power of the lens, or the limit of angular 
resolution. 

When the normal lens aberrations are reduced to such an extent 
that they do not enter into the consideration of resolving power, and 
if the rays of light incident upon the lens are parallel, then the angle 
of resolution in seconds may be determined by the following formula: 


where &=—angle of resolution in seconds, 
d = diameter of lens, inches. 


If other lens aberrations are present, the resolving power will be less 
than that indicated by the above formula. The phenomenon of dif- 
fraction sets a limit to the sharpness of imagery which can be secured 
from a lens of given size. Beyond this limit, it is impossible to go. 

The term “ resolving power” is many times used loosely to define 
the limit of a given photographic objective to record fine detail in an 
object. When used in this sense, it is of no consequence whether this 
limit is imposed by diffraction or by lens aberrations. 

Loss of Light in Lenses.—The speed of a lens is usually denoted 
by its {/number which is the ratio between the focal length of the lens 
and the diameter of its entrance pupil (see page 86). A little thought 
will reveal, however, that this law is not absolutely valid since it refers 
to the quantity of light entering the lens and takes no account of the 
loss of light by absorption in the glass or by reflection at the glass 
air surfaces. The light lost by absorption is usually negligible since 
only about two or three per cent of the incident light is lost per centi- 
meter thickness of glass. 

The loss of light by reflection is of much greater importance. The 
magnitude of this loss can be calculated by the equation given by 
Fresnel which is to be found in any treatise on optics. 

Dr. A. Klughardt made such a computation for several photo- 
graphic objectives, ranging in aperture from f:2 to f:11. The following 
table states the results of Dr. Klughardt’s computation.* 

It is readily apparent that the magnitude of the reflected light loss 
increases rapidly with the number of glass surfaces in the lens. It, 
therefore, follows that an uncemented lens would be slower than a 
cemented lens having the same relative aperture. To illustrate this, 


4 Photo-Barse, 7 (1925), 414. 
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Type Lenses} Reflecting Cemented | Reflection Total 


Surfaces’ Surfaces Loss Loss 
Periscope, f : 11 2 4 - 16% 20% 
Dagor, f : 6.8 6 4 4 18% 22% 
Triplet f : 3.5 3 6 - 29% 32% 
Tessar f : 4.5 4 6 I 28% Bay, 
Dogmar f : 6.8 4 8 - BY, 40% 
Ernostar f : 2.0 6 8 2 38% 48% 


consider the comparison between the Dagor f:6.8 and the Dogmar 
f :6.8 as listed in the above table. With the Dagor objective, 78 per 
cent of the incident light reaches the film, whereas with the Dogmar 
objective only 60 per cent of the light reaches the film. Hence, the 
increase in exposure necessary when using the Dogmar would be as 
60:78 or 1:1.3. In other words, the exposure with the Dogmar must 
be 1.3 times that with the Dagor under like conditions. 

Diminution in Illumination of the Image with the Distance from 
the Axis.—Let us now consider the distribution of light intensity 
over the image area, that is, the decrease in light intensity toward the 
margins of the image. This effect can easily be seen by exposing a 
sufficiently large plate toward a white background so that the whole 
circle of illumination and the falling off in intensity therein appears on 
the plate. A fair percentage of the decrease in marginal image bril- 
liancy is dependent upon the natural decrease in intensity of extra-axial 
light, a situation which cannot be avoided by any means of correction. 
To illustrate, let us designate the intensity of illumination at the center 
of the image by J, and that at the margin by J. According to the 
Lambert’s law of photometry JJ, cos* 0, where @ is the angle that 
the marginal ray makes with the optical axis of the lens. In the 
usual type of photographic objective this angle seldom is greater than 
35 to 40 degrees. 

Loe a ae ne 0° 10° 20° 30° 35° 40° 

dC asc ake ee og ORS EE 100% 94% 78% 56% 45% 34% 

Hrpricka—Measuring the Effective Illumination of Photographic Objec- 
tives. J. Soc. Mot. Pict. Eng., 14 (1930), 531-533. 
Morritt—The Light Absorbed by Lenses. Phot. Journal of America, 
59 (1920), 411. i 
OpENCRANTS—The Experimental Determination of the Luminosity of 
Photographic Objectives. Nord. Tids. Fot., 9 (1925), 21; S.LP., 5 
(1925), 87. a 

ZscHokkE—Factors Other than Aperture in the Rapidity of a Lens. Brit. 
J. Phot., 59° (1912),°823. 
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It will be observed that this loss increases very rapidly as the angle 
subtended by the plate at the lens increases. Unfortunately, there is 
no really practical means to prevent this decrease. 

In some types of objectives a still further loss of light is incurred 
by vignetting of the marginal rays by the lens mount itself. In gen- 
eral, this loss of light becomes smaller the closer together the lens ele- 
ments are placed. Unfortunately, it is not always possible to obtain a 
maximum aberration correction and at the’ same time produce a com- 
pact lens. 

Vignetting of marginal rays by the lens mount, together with the un- 
avoidable decrease in marginal intensity due to the cosine law, may re- 
sult, in extreme cases, to an intensity of illumination at the margins 
of from 15 to 25 per cent of the center illumination. 

The Contrast of Photographic Lenses.—Ideally, a photographic 
objective should be capable of reproducing accurately the full range 
of brightness in the object photographed. In order to do so, it is 
necessary that each area in the image receive light only from the cor- 
responding area in the object. When other than true image-forming 
light falls upon the image area, an adulteration of contrast occurs and 
the photographic reproduction is of lower contrast than that possessed 
by the original subject. 

The factors which most commonly contribute to the presence of ex- 
traneous light in the camera are listed below. 


Factors Affecting the Contrast of a Lens 
1. Camera leaks light. Avoidable by proper construction and 
care of the camera. 
2. Reflection of light at the glass-air sur- Cannot be avoided but can be reduced 


face of the lens. by proper design of the objective. 
3. Reflection of light by bright metallic Difficult to control and of rather con- 
surfaces of the lens mount, lens dia- siderable magnitude. 


phragm, and camera interior. 

4. Diffusion of light produced byforeign Principally avoidable by keeping the 
particles on the glass surfaces. (Fin- lens clean. 
ger prints, dust, etc.) 

5. Diffusion of light by foreign material Usually of too small a magnitude to be 
within the glass. of any practical consequence. 


JONES AND TuTTLE—Effect of Projection Lens Flare upon the Contrast of 
a ee Picture Image. Trans. Soc. Mot. Pict. Eng., 25 (1926), 
153-166. 

TUTTLE AND Wuite—Factors which Affect the Contrast of a Lens Image 
in the Motion Picture Camera. Trans. Soc. Mot. Pict. Eng., 12 
(1927), 591-599. 

RuEepEN—Reflections in Lenses. Phot. Rund. (1921), 101. 
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In a properly designed objective, the lens flare produced by light re- 
flected from glass-to-air surfaces is small, particularly if the objective 
consists of not more than three components. In fact, several four 
piece anastigmats are on the market which possess so little flare that 


Fic. 74. Reflection of Light in the Objective 


they can be used without fear of seriously menacing image quality. 
However, all six-piece, large aperture lenses of short focal length ex- 
hibit enough flare to make this a primary consideration. 

Figure 74 shows a simple lens with parallel light incident upon it 
from the left. The legitimate image of the infinitely distant source 
of light occurs at F while a.spurious image produced by lens flare 
occurs at F’, The intensity of the image F’ is much lower than that 
of F, since F’ is comprised of only that portion of the light which is 
reflected at both surfaces A and B in the manner shown in the figure. 
The ray b-a is only about 4 per cent of that contained by the original 
ray from the object and the ray a-F’ is only about 4 per cent as intense 
as ray b-a. Hence, ray a-F’ is about 4 per cent of 4 per cent or 1/625 
the intensity of the legitimate image F and the primary flare image F’ 
is as 625 is to 1. The position of F’ is entirely dependent upon the 
curvature of the lens surfaces and upon the refractive index of the 
glass. When F’ lies close to the negative plane, an intense flare spot 
results which seriously affects the contrast of the image of this part of 
the object. When, as in the case shown in Fig. 74, F’ falls at a con- 
siderable distance from the negative plane, the flare light is distributed 
over a large portion of the image area and tends to reduce the contrast 
of the image as a whole rather than to build up an intense flare spot. 


CHAPTER IV 
PHOTOGRAPHIC OBJECTIVES 


Introduction—This chapter is designed to provide a concise 
summary of the principal types of photographic objectives in use to- 
day. No attempt has been made to make it exhaustive, nor to include 
constructional details which would be of interest only to the designing 
optician. A bibliography has been included which it is believed will 
meet the needs of those requiring more extended and detailed informa- 
tion. 

Single Lenses.—Single uncorrected lenses are seldom used to- 
day except on the very cheapest box cameras. A single lens cannot be 
corrected in any way and consequently sharp definition can be obtained 
only with a small diaphragm. As the visual and photographic images 
do not coincide, the single lens is suitable only for box cameras or 
those focused by scale. 

The meniscus form is usually employed since it has a larger useful 
field than a biconvex lens. 


Fic. 76. Wollaston’s Meniscus 


Single Achromatic Lenses.—The usual form of single achro- 
matic lens consists of two cemented menisci, the positive (collecting) 
lens being next to the diaphragm and consisting of crown glass while 
the rear lens is negative (dispersing) and consists of flint glass 
(Fig. 77). This construction appears to be due to the English op- 
tician Grubb? and results in better spherical correction and a larger 

1B.P. 1968 of 1857. 
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field than the combination of a biconcave and biconvex element used 
in the earlier single lenses of Chevalier and his successors. A single 
achromatic lens of three cemented glasses 
having superior correction and an aperture 
of f:14 was introduced by Dallmeyer in 
1864.2, The construction is now obsolete. 
On some box, and other fixed focus cam- 
eras, provision for photographing nearby 
objects is made by mounting a simple nega- 
tive or positive lens of low power in front 
of the diaphragm in such a way that it can 
be readily shifted to one side when not required. If the front lens is 
negative, it is removed and the rear lens used alone when photograph- 
ing nearby subjects. With a low power positive lens, these conditions 
are reversed and the front lens is used only for nearby subjects. 
Double Objectives.—Simple double objectives of the type 
shown in Fig. 78 are used frequently where an inexpensive lens having 


»» 


Fic. 77 


2, »Y. 


Fic. 78. Doublet F/11 Fic. 79 


a larger aperture than a single lens is desired. This construction re- 
sults in a lens free from distortion, a flatter field and better spherical 
correction than the simple meniscus lens. The relative aperture is 
usually about f:11. 

A modification of the simple doublet is shown in Fig. 79. In this, 
the front element consists of a positive and negative component, the 
distance between the two being adjustable at will. Since the focal 
length of the complete lens depends upon the separation of the two 
components of the front element, focusing may be accomplished by 


2B.P. 2530. 
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screwing the front element of the lens in or out so as to vary the sepa- 
ration between the two. 

Soft-Focus Lenses.——Lenses corrected partially for spherical or 
chromatic aberration in order to produce a diffused or “ soft-focus 4 
image are used frequently by pictorialists who object to the sharp 
definition of a fully corrected lens. Objectives of this type take sev- 
eral constructional forms. A number, such as the Spencer Portland, 
the Pinkham Smith Synthetic, the Struss Pictorial, the Gundlach and 
‘the Dallmeyer-Banfield are single lenses. In most cases, the objec- 
tives are corrected for chromatic but not completely for spherical aber- 
ration; the undercorrection of the latter results in the diffused image 
characteristic of such lenses. 

The Plastigmat of Bausch & Lomb and the Verito of Wollensak 
(Fig. 80) are of unsymmetrical construction, the front component 

consisting of a single lens and 

H the rear a cemented doublet re- 

| sembling a single landscape lens. 

In the case of the Verito, the 

single element may be used alone, 

thus obtaining a focal length ap- 

proximately twice that of the 

| complete lens. Both lenses are 

corrected for chromatic aberra- 

| tion and there is no focus differ- 

Fic. 80. Wollensak Verito ence. The degree of diffusion is 
controlled by the diaphragm. 

The maximum aperture of the Verito is f:4; the Plastigmat f: 5.6. 

The Gundlach Hyperion and the Dallmeyer Mutac are similar in 
design to the aplanat or rapid rectilinear and the front and rear com- 
ponents may be used separately thus providing lenses of three differ- 
ent focal lengths. The maximum aperture of the Hyperion is f:4 and 
that of the Mutac f:4.5. In both cases, the diffused image is due to 
the presence of spherical aberration. 

The Dallmeyer-Bergheim is a variable magnification teleobjective 
of the soft-focus type and consists of two simple lenses, the front 
positive and the rear negative. The equivalent focal length (degree 
of magnification) is regulated by altering the separation of the two 
lenses. The relative aperture varies with the degree of magnification 
from £:3.5 to f{:20. The degree of diffusion is regulated by the dia- 
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phragm. The objective is not corrected for chromatic aberration, 
hence, a correction must be made after focusing. 

In a number of cases, anastigmatic lenses intended particularly for 
portrait work and Petzval-type portrait lenses are designed in such a 
way that a diffused image may be obtained when desired by altering 
the position of one of the elements of the lens. 

The Rapid Rectilinear or Aplanat——Historically, this objective 
is interesting as the first well corrected symmetrical lens covering a 
wide field at a comparatively large aperture.* It has, however, been 


Fic. 81. The Aplanat or Rapid Rectilinear 


almost completely supplanted in recent years by anastigmatic lenses of 
the simpler constructions, since these are no more difficult to manu- 
facture and possess an astigmatically flattened field with superior defi- 
nition and, frequently, a larger aperture. 

The Aplanat and Rapid Rectilinear were calculated independently 
by Steinheil, of Munich, and Dallmeyer, of London, in 1866 and had 
an aperture of £:8. Later, objectives of larger aperture, but covering 
a smaller field, were introduced for portrait work. 

Portrait Lenses—Many portrait lenses in use today are based 
upon the Petzval construction, so called for its calculator Josef Petz- 
val. The original Petzval construction (Fig. 82) consisted of a ce- 
mented biconvex and a biconcave lens in front of the diaphragm and 
a rear element of two separate lenses, the first a negative meniscus 
with its convex side facing the diaphragm and a double convex lens, 

8 A double objective in which the arrangement of glasses is the same on both 
sides of the diaphragm is said to be of symmetrical design. Such objectives are 
usually so designed that the front and rear components may be used separately at 


smaller apertures. In this case, the complete objective affords a choice of at 
least two and frequently three focal lengths when the single elements are used. 
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the air space being a meniscus acting as a negative lens. An improve- 
ment in the spherical correction of the construction was effected by 
Dallmeyer in 1866 by reversing the glasses of the rear element. Lenses 


Fic. 82. Petzval’s Portrait Objective and Its Modification 


of the Petzval type now on the market are based in general on the 
Dallmeyer modification. 

The Petzval construction is free from distortion and is chromatically 
corrected but covers a very small field, has a decidedly curved field, 
and, owing to its length, has considerable vignetting or diminution in 
the illumination of the marginal portions of the image. Practically, 
it is suitable only for portraiture or for work requiring a small image 
field. 


Simple triplet constructions are also used for portrait objectives. 
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Usually no attempt is made to secure a high degree of correction in 
such cases; the aberrational errors remaining, are so controlled as to 
produce a “plastic” image. The Sigmar (f:4) of Bausch & Lomb 


, 
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Fic. 83.- The Sigmar of Bausch & Lomb 


and the Hypar of Goerz (f:3.5) are of this type. The character of 
the image is intermediate between that of fully corrected and soft focus 
lenses. 

Conditions Necessary for the Simultaneous Correction of Astig- 
matism and Spherical Aberration.—The conditions necessary for 
the simultaneous correction of astigmatism and spherical aberrations 
have been summarized by R. Steinheil as follows :* 

“An objective may be corrected for spherical aberration if two 
media are separated by a convex surface turned towards the medium 
of higher refraction; for astigmatism if the surface is concave to the 
medium having the higher refraction.” 

Thus, in Fig. 84 A and C are flint glass lenses of high relative dis- 
persion and B and D are of crown glass with low dispersion. In the 
lens at the left, the cemented surface is convex to the medium of higher 
refraction, thus correcting for spherical aberration, while in the lens 
at the right, the cemented surface is concave to the glass having the 
higher refraction, the condition necessary for the removal of astig- 
matism. 

Simultaneous correction for both spherical aberration and astig- 
matism, therefore, involves the employment of one or more surfaces, 
which may or may not be cemented surfaces, concave to media having 


4 Eder’s Jahrbuch, 1897. “ Origin and History of the Orthostigmats.” 
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a higher refractive index and other surfaces convex to media with 
higher refractive index. 
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Fic. 84. Illustrating Condition Necessary for Correction (a) of Spherical 
Aberration and (b) Astigmatism 


For many years it was impossible to satisfy these conditions as, in 
all the varieties of optical glass then available, the dispersion increased 
with the refractive index. 

After the introduction of Jena glass, it became possible to make the 
collecting lens of glass having higher refraction and lower dispersion 
than the dispersing lens and thus secure astigmatic correction. The 
old achromat made of ordinary crown and flint could be corrected 
spherically but not astigmatically ; the new achromat, while corrected 
astigmatically, cannot be spherically corrected. However, by combin- 
ing the ordinary crown and flint of the old achromat with the barium 
crown glass of the new achromat, it became possible to correct both 
astigmatism and spherical aberration in the same lens. By combining 
two such achromats both of which are individually corrected to form 
a symmetrical objective a larger aperture becomes possible together 
with correction for curvature of field, coma, and distortion. This is 
the principle followed in the construction of most of the symmetrical 
lenses as the Goerz Double Anastigmat or Dagor, the Voigtlander 
Collinear, Turner-Reich Anastigmat, etc. The other method is to use 
two dissimilar combinations, one of which is spherically corrected 
while the other is astigmatically corrected; the two when placed on 
opposite sides of the diaphragm form an unsymmetrical objective which 
is completely corrected as a whole but not individually. This is the 


principle followed in the construction of most of the large aperture 
anastigmats. 
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Symmetrical Cemented Objectives Composed of Three Glass 
Components.—The conditions necessary for the correction of both 
astigmatism and spherical correction may be satisfied in a single ob- 
jective consisting of three cemented lenses. Such an objective may 
take several forms. (Fig. 85). 


Fic. 85. Forms of Three Glass Elements 


In the construction shown at the left, the indices of refraction of 
the three glasses increase from left to right; i.e., in the direction of the 
incident light. Hence, the first cemented surface is convex to the 
glass of lower refraction, meeting the condition for the correction of 
spherical aberration. The second cemented surface is convex to the 
glass of higher refraction and thus satisfies the requirement for astig- 
matic correction. Consequently, correction for both is secured by the 
opposition of the two cemented surfaces in an objective composed of 
only three cemented lenses. 

Well designed objectives of this type give satisfactory definition at 
an aperture of about f:12.5. The combination of two such objectives 
on opposite sides of the diaphragm to produce a symmetrical objec- 
tive enables the aperture to be increased to f :6.8, or even larger, if the 
complete objective is designed to cover a somewhat smaller field. 

This construction is especially noteworthy for the excellent defini- 
nition of both the single and complete objective and for the compara- 
tively wide angle (70-80°) covered sharply by the double objective, 
particularly at a small stop. 

The best known objective of this type is the Goerz Dagor;> other 
lenses based upon this principle are the Meyer Aristostigmat, the Wol- 
lensak Velostigmat Series I, the Schneider Symmar, Plaubel Double 
Orthar. 

The construction shown in b of Fig. 85 consists of two negative 
lenses, one having a lower the other a higher refractive index than the 
interposed positive lens. In this case, the arrangement of cemented 


5 A special Dagor having a relative aperture of f:8 and an angle of 100° is 
made for wide angle work. B.P. 209,003 of 1922; Brit. J. Phot., 1924, 71, D. 344. 
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surfaces is reversed and the indices of refraction decrease in the di- 
rection of the incident light. An objective of this type has been made 
for years by Watson of London as the H olostigmat in two series, one 
with a relative aperture of £:4.6 and the other f:6.1; the single ele- 
ments of both series may be used alone. The Steinheil S atz-Anastig- 
mat is similar in design. 

The construction shown in c of Fig. 85 consists of a meniscus lens 
of low refraction between a double convex positive lens of high re- 
fractive index and a double concave negative lens of medium refraction. 
The Voightlander Collinear and the Steinheil Orthostigmat are the 
best known objectives of this type. 

The Four Glass Cemented Element.—This design represents in 
effect the combination of the old achromat and a new achromat, made 
possible by the glasses produced at Jena, which enabled the astigmatic 
correction to be made. 

This construction, because of the increased number of surfaces at 
the disposal of the designer, is especially noteworthy for the high de- 
gree of correction and for the large flat field, but is not suitable for 
large aperture objectives. 

The Protar, Series VIIa (Fig. 86), of Zeiss is perhaps the best 
known objective of this type; among others may be mentioned the 


Fic. 86. Protar, Series Vila 


Combinable of Ross. The single elements of the former have an aper- 
ture of f:12.5; the double lens {:7.7. The relative aperture of the 
Ross Combinable is f:11 for the single lenses and {:5.5 for the double 
objective. 

The Cooke Series XV convertible anastigmat consists of two 4 lens 
components having the same general configuration as that developed 
by Rudolph except that an air space separates the second and third 
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lenses (Fig. 87). The single components have a relative aperture 
of f:11 and are excellently corrected. The double objective formed 


Fic. 87. Cooke Series XV Convertible Anastigmat 


of two such components has a relative aperture of £:6.8. Due to its 
excellent color correction, it is widely used by commercial photogra- 
phers for color work.® 

The five-lens cemented element is an outgrowth of an earlier three- 
glass lens of the rapid rectilinear type. To this earlier lens, a new 
achromat, made possible by the Jena glasses, was added for the correc- 
tion of the astigmatic errors of the older lens. This construction in- 
creases the surfaces at the disposal of the designer and makes pos- 
sible an exceptional degree of correction for the single element. The 
best known objective of this type is the Turner-Reich (Fig. 88). 


Fic. 88. Five Glass Element (Turner-Reich Anastigmat) 


An alternative design (Fig. 89) consisting of three negative lenses 
enclosing two positive lenses was patented by Von Hoegh for the firm 
ar Gr P-Goerz. 

Development of Lenses with Air-Spaces from the Three-Glass 
Element.—In a cemented element of three lenses, anastigmatic 
flatness is obtained and spherical aberration corrected by the use of two 


6 B.P, 376,044 of 1932. 
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cemented surfaces, one of which is collective, the other dispersive 1n 
effect. If, in computation, the necessary power of refraction of the 
central lens is reduced until it becomes unity (i.e. equal to the refrac- 


»»Y, 


Fic. 89. Goerz Five Lens Cemented Element 


tive index of air), a two glass element may be produced which satis- 
fies the conditions necessary for the correction of spherical aberration 
and astigmatism, since one surface is concave to a medium having a 
lower refractive index, namely air, while the other is convex. Ob- 
jectives of this type were introduced by Goerz, from calculations by 


Fic. 90. Objective with Air Spaces as Developed from the Three Glass 
Cemented Element 


Von Hoegh, as the Celor and Syntor; the first with a maximum aper- 
ture of £:4.5 and the latter, designed for hand camera use, with an 
aperture of £:6.8. With this construction, however, full comatic cor- 
rection is impossible unless the symmetrical design is departed from, 
and the Celor and Syntor are no longer made. 

A later introduction, known as the Dogmar, in which the symmetrical 
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construction has been departed from, is still made. It has an aperture 
of f:4.5 and the single elements may be used separately at f :.32. 

Triplets with Cemented Rear Element.—Triplet lenses of this 
type (Fig. 91) are not derived from the anastigmat triplet of H. D. 
Taylor but in an entirely different manner. 


| 
| 


Fic. 91. Triplet with Ce- Fic. 92. Early Unsymmetrical 
mented Rear Element - Anastigmat of Paul Rudolph 


Several years after he had patented his first Protar lens (Fig. 92), 
Rudolph realized the advantages to be gained from the substitution of 
air spaces for cemented surfaces. In 
1899, he patented several forms of such | 
an objective, one of which was intro- 
duced commercially by Carl Zeiss of 
Jena as the Unar (Fig. 93). 

In this, the astigmatic and spherical 
corrections are made by the surfaces 
facing the air spaces rather than by | 
cemented surfaces. The use of air Fig. 93. The Unar of Rudolph 
spaces increases the number of surfaces 
at the disposal of the designer and thus enabled the aperture of the 
objective to be increased to f :6. 

In 1902, Rudolph patented a triplet in which the rear element was a 
cemented doublet. This was introduced commercially by Carl Zeiss 
of Jena as the Tessar. 

The Tessar may be described as a combination of the early Protar 
and the Unar. It consists (Fig. 91) of four lenses divided into two 
groups which are separated by the diaphragm. The first group con- 
tains a collecting and a dispersing lens separated by an air space having 
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a negative effect. The second group consists of a cemented negative 
and a positive lens, the cemented surface having a positive effect. 

In the early unsymmetrical Protar lens, the opposite effects by which 
astigmatic correction is secured are derived solely from the action of 
the cemented surfaces. In the Unar, the correction is obtained from 
the opposite powers of the two pairs of facing surfaces. In the 
Tessar, these opposite astigmatic effects are obtained by giving to the 
power of the cemented surface the opposite sign to that presented by 
the facing surfaces of the other group of lenses. 

This design has been one of the most successful of all for large 
aperture anastigmatic objectives and has been widely copied for lenses 
with relative apertures ranging from f:4.5 to £:3.5 and, in some cases, 
to t2.7. 

Among well known objectives of this type are: Aldis, S eries I; 
Kodak Anastigmat f:4.5 and Ektar £:3.5 Krauss Trianar, £:4.5 Dall- 
meyer Serrac (B.P. 27,518 of 1912) and Dalmac f£: 3.5; Schneider 
Xenar £:4.5 and f :3.5; and the Wollensak Velostigmat Series II, f:4.5. 

A modification of this principle which consists in the use of a rear 
component of three-glasses instead of two is represented by the Ross 
Xpres (Fig. 94) made in 3 series, f:4.5, £:3.5, £:2.9 and the Gundlach 


Fic. 94. Xpress of Ross Fic. 95. Radiar of Gundlach 


Radiar (Fig. 95). In each case, the three glass element was adopted 
because it allows a different selection of glasses and affords greater 
latitude in balancing the opposing powers of component parts of the 
system. 

A triplet construction in which both the front and rear elements are 
cemented doublets (Fig. 96) has been patented by Booth (B.P. 
151,500). 

This objective, which was issued commercially by Dallmeyer (Lon- 
don) as the Pentac, is similar in appearance to the Heliar but is a 
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development of the triplet, with rear cemented surface. The substitu- 
tion of a cemented doublet for the single front lens by increasing the 


Fic. 96. Pentac of Dallmeyer 


number of elements at the disposal of the calculator, makes possible 
an exceptionally well corrected objective with an aperture of f :2.9. 

Photographic Objectives Developed from the Gauss Telescope 
Objective.—Objectives of this construction are based upon the 
Gauss telescope which in its simplest form consists of two meniscus 
lenses separated from one another by an air space and having their 
concave sides facing the incident light. 

This design is noteworthy for the large, flat field and excellent cor- 
rections, except for coma, obtainable at a large aperture. Satisfactory 
comatic correction can be secured, however, by departing from a 
strictly symmetrical construction. 

Objectives of this type may be divided into three classes: (1) the 
older lenses, (2) modern large aperture lenses, and (3) rapid wide 
angle lenses. 

The Planar.—In 1896, Paul Rudolph calculated for Carl Zeiss of 
Jena an objective along the lines of the Gauss construction, which was 


i i 


Fic. 97. Planar of Rudolph Fic. 98. Gauss Objective 


placed upon the market as the Planar (Fig. 97). The Planar differs 
from the essential form of the Gauss construction as shown in Fig. 
98 by the replacement of the inner menisci by two cemented lenses. 
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These two lenses are made of glasses having identical refractive index 
but different dispersions. Therefore, the inner cemented lenses act 
as a single lens so far as the refractions of any single color are con- 
cerned, while, owing to the difference in the dispersive values of the 
two glasses, the amount of chromatic aberration may be altered simply 
by changing the curves of the two cemented surfaces which separate 
the two mediums of different dispersion. In this way, the chromatic 
aberration of the two cemented lenses may be made to equalize the 
chromatic aberration of the two outer lenses so that satisfactory color 
correction may be obtained at the same time that the astigmatic and 
spherical errors are corrected. The relative aperture of the Planar is 
f :3.5, but owing to the presence of considerable coma the definition at 
this aperture is not critical and stopping down is necessary for critically 
sharp definition. The Planar is no longer made, having been replaced 
by the unsymmetrical anastigmats which have approximately equal 
speed and superior correction. 

Later, it was found possible through choice of suitable glasses to 
produce an objective corrected for the usual errors, except coma, with 
only two lenses, thus retaining the essential form of the Gaussian 

design. Kollmorgen’s method was to 

make each combination of an anom- 

alous glass pair; ie. the coefficient 

of refraction of the collecting lens 

with low dispersion must be as large 

or larger than the dispersing lens. 

The best known lenses of this type 

Fic. 99a. Opic of Cooke are the Aristostigmat of Hugo 

Meyer, the Homocentric of Ross, the 

Omnar of Busch and the Double Orthar of Plaubel. In some of these 

the comatic correction has been improved by departing from strictly 
symmetrical construction. 

The Cooke Opic (Fig. 99) has an aperture of f:2 and consists of 
six lenses symmetrically arranged, but in reality is an unsymmetrical 
construction since the portions on either side of the diaphragm are 
not identical. The angle of view is approximately 45°. 

The Kodak Ektar f{:2, the Schneider Xenon f:2, the Ross Xpress 
f:1.9 (B.P. 323,138 of 1929) and the Zeiss Biotar f:2 are similar. 
The first two cover an angle of approximately 45°. The Biotar 
covers an angle of 55° and is used as a medium wide angle lens on 
the Zeiss Contax. 
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A modification of this construction designed by Lee of Taylor, 
Taylor and Hobson for kinematography and miniature camera use is 
completely unsymmetrical in design and covers an angle of 35° ata 
relative aperture of f:2. The field has been purposely reduced in 
order to secure more perfect correction at the large aperture.®* 


Fic. 99b. Gaussian Construction F:2 of Cooke 


Fic. 99c. Gaussian Construction F:1.4 of Cooke 


A further development in which deeper curves are employed and 
the rear converging element divided into two of lower power was pat- 
ented the same year.*® This includes an angle of approximately 50°, 
has a relative aperture of f:1.4 and is designed for miniature cameras. 

A number of wide angle lenses are based upon the Gauss construc- 
tions. Among them, the Cooke Series VIIb (Fig. 100) which covers 
an angle of 90° at £:16 and 100° at f:32, the Wollensak Series III 
f:9.5 (Fig. 101) which covers an angle of go°, the Dallmeyer wide 


64 B.P. 377,537 of 1932. 
60 B.P. 373,950 of 1932. 


LreE—The Taylor, Taylor and Hobson F/2 Anastigmat. Trans. Opt. Soc., 
25 (1924), 240. 
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angle f:11 (Fig. 102) and the Meyer Wide Angle f:9 covering an 
angle of 100°. 


>> 


| 


Fic. 100. Cooke Series VIIb (Wide Angle) 


The construction shown in Fig. 103 is similar to the Planar of 
Rudolph except that the two meniscus lenses are placed on the inside 


>>? 


Fic. 101. Wollensak Velostigmat, Series III, Wide Angle F/9.5 


next to the diaphragm. This design is especially favorable for the 
elimination, at a relatively large aperture, of the errors arising from 


| 
| 


Fic. 102. Dallmeyer Wide Angle F/11 


>» 


chromatic difference of spherical aberration and for the large, flat 
field. A symmetrical objective of this type having a relative aperture 
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of £:6 for the combined lens and an aperture of f:11 for the single 


lenses, has been made for several years by Hugo Meyer and Co. of 
Goerlitz (Germany) as the Euryplan.? 


>>», ——— 


Fic. 103 


The Plasmat calculated by Paul Rudolph and issued commercially 
by Hugo Meyer, of Goerlitz, is the first anastigmatic objective in 
which an attempt has been made to secure greater depth and plasticity 
on planes before and behind the plane in sharp focus. Previously, it 
was the aim of designers of photographic objectives to secure the best 
possible reproduction of an object occupying a single plane; i.e. the 
conditions existing in copying. According to Rudolph, the construc- 
tion adopted for the Plasmat has made possible a higher degree of 
spherical correction for the different colors, thus producing an image 
with greater depth and plasticity than other photographic objectives.® 


| 


Fic. 104. The Plasmat of Rudolph (Convertible) 


The first Plasmat was introduced as a symmetrical objective (Fig. 
104), the complete lens having an aperture of f:4 and the single ele- 


7 Patented by E. Arbeit, root. 

8 It has been stated (Zschokke) that the plasticity in the rendering of planes at 
different distances from the camera is due to the presence of a small amount of 
uncorrected chromatic aberration. Phot. Ind., 1921, p. 257. 
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ments an aperture of f:8. This was followed several years later by 
an unsymmetrical construction (Fig. 105) having an aperture of 1.22.9 
(angle 75°) known as the Mikro-Plasmat, and a series known as the 
Kino-Plasmat (Fig. 106) having an aperture of f:1.5 designed par- 
ticularly for motion picture use and miniature cameras. 


mM » 


Fic. 105. Mikroplasmat Fic. 106 


The Ross Wide Angle Xpress (Fig. 107) was designed for aerial 
survey and has a relative aperture of f:4 covering an angle of 70° 
at full aperture; an objective of 7 inches focal length is used on a 
7X7 plate. It is of unsymmetrical design and is so well corrected 
that it may be used for infrared photography without refocusing. 


>», 


Fic. 107. Ross Wide Angle X-press 


A development of the Gauss lens designed by Lee of Taylor, Taylor 
and Hobson for use in aerial surveying is shown in Fig. 108. This 
includes an angle of approximately 70°—an objective of 5 inches focal 
length covers sharply a 7 X 7 inch picture—at a relative aperture of 
f:4.5. Of the four separated components only one (the second) is 
dispersive, the rear component being either collective or, in some cases, 
of zero power. In the usual lens of this type, the order is alternatively 


Rupotpu—Rendering of Space in Photographs. Kinotech., 8 (1926), 
179-183. 

RupotpH—Spatial Delineation and Zone Free Spherical Correction. 
Kinotech., II (1929), 339-341. 
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collective and dispersive, dispersive and collective. The change re- 
sults in a larger flat field and improved general correction.® 


Fic. 108. Construction for Aerial Photography by Taylor, Taylor and Hobson 
(London) 


Unsymmetrical Constructions Consisting of an Old and New 
Achromat Separated by the Diaphragm.—Paul Rudolph of the 
Carl Zeiss Werkstaette at Jena was one of the first to take advantage 
of the newer glasses introduced by the Jena Glass Works in the con- 
struction of photographic lenses. The first of Rudolph’s anastigmatic 
objectives with which we are concerned was introduced in 1890 under 
the name Protar. This objective (Fig. 109) consisted of two glass 
pairs, one being the old normal glass 
pair made from the old glasses, the 
other the abnormal glass pair made 
from the newer varieties of Jena glass. 
One of the combinations has a posi- 
tive astigmatic difference: i.e., the 
focal length of the rays in the primary 
section is greater than in the secondary 
section; while the other combination 
has a negative astigmatic difference, Fic.109. Rudolph’s Protar (1890) 
the focal length of the rays in the pri- 
mary section being less than in the secondary section. By proper 
construction, the two opposite effects may be so balanced as to com- 
pensate one another so that there is no sensible astigmatic difference 
when the complete objective is said to be an anastigmat. 

In the normal glass pair, the refractive index of the positive lens is 
lower than the adjacent negative lens, while in the abnormal glass pair, 


>>», 


8a B.P. 407,156 of 1934. 
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the positive lens is of higher ref ractive index than the negative. Both 
components are separately achromatized, but are not necessarily of the 
same focal power, as one component may be strongly positive while the 
other may act simply as a corrective system for the whole. This con- 
struction, because of its relatively small aperture, is no longer made 
except for wide-angle objectives where its extensive field makes it 
very suitable. 

Among wide-angle lenses of this type are: the Zeiss Protar Series 
£:18; the Bausch & Lomb Medium Wide Angle Series IV f:12.5, and 
Extreme Wide Angle Series V f:18; the Schneider Daskykar f :12.5 
which covers an angle of approximately 100°. 

The Anastigmatic Triplet of H. D. Taylor and its Derivatives. 
—The first anastigmatic triplet was designed by H. Dennis Taylor 
in 1895 and is generally known as the Cooke triplet since Mr. Taylor 
was then in the employ of T. Cooke & Sons Ltd. 

In this triplet construction (Fig. 110) the two outer collecting lenses 


Fic. 110. Triplet Anastigmat of H. D. Taylor (Cooke) 


are identical and are designed to be practically free from coma; this 
result is secured by the use of an intermediate form of lens in which 
the inward coma of one surface is neutralized by the outward coma 
of the opposite surface. The burden of correcting the entire system 
is thrown upon the central dispersing lens, which fulfills a threefold 
office: (1) It flattens the final image and corrects marginal astig- 
matism, producing a flat astigmatic field; (2) it corrects the color 
aberrations of the convergent lenses and makes the complete system 
achromatic; (3) it corrects the residual spherical aberration of the 
two collecting lenses and renders the final image aplanatic. The action 
of the negative lens in securing a flat field, free from astigmatism, may 
be explained with the aid of Fig. 111. L and N are respectively 
positive and negative lenses of equal focus and of the same mate- 
rials. With primary sections of the oblique pencils, the image formed 
by the positive lens, L, is curved spherically, p-P, but the interposition 
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of the negative lens, NV, throws back the image to the plane Q-Q’ which 
is flat because the curvature errors of the positive lens, L, are exactly 
neutralized by the opposite curvature of the negative lens, NV. 


\ 


ELI 


Fic. 111. Action of the Central Diverging Lens of the Cooke Triplet Anastig- 
matic Objective 


Owing to the fact that this arrangement would result in considerable 
distortion, and to the fact that its corrections to a certain extent depend 
upon the distance of the subject, the single collecting lens is divided 
into two which are alike in power and shape but turned in opposite 
directions. The positive focal power of the two converging lenses is 
approximately equal to the negative focal power of the central dis- 
persing lens.® 

Because of its simple construction and excellent performance, the 
triplet design is widely employed by manufacturers of photographic 
lenses. Among well known triplet constructions may be mentioned: 
Zeiss, Triotar £:3 and £:3.5, Meyer Trioplan £:3, Steinheil Cassar 
f :4.5 and f :3.5, Schneider Radionar f :6.3 and Kinoplan, Leitz Hektor. 


Fic. 112. Modification of the Anastigmatic Triplet 


A simplification of the original triplet design by H. L. Aldis con- 
sists (Fig. 112) of a cemented combination of a positive and a nega- 
tive lens in front of the diaphragm and a single positive lens in the 
rear. 

In this design, the spherical corrections are made principally by 


9A modification of the original triplet involving shallower curves to reduce 
cost of manufacture has been patented by Warmisham. B.P. 157,036 of 1920. 
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the cemented surface of the front component and the astigmatic cor- 
rections by the rear element. This design is well adapted to objectives 
satended for hand camera use having a relative aperture of f:6.3, 
f :7.7 or smaller. 

A second development of the original simple triplet of H. D. Taylor 
consists (Fig. 113) of two positive elements, each a cemented doublet, 


| 
| 


Fic. 113. Modification of the Anastigmatic Triplet (Heliar) 


with a centrally placed negative component. The increase in the 
number of elements of construction and the introduction of cemented 
surfaces enable the necessary corrections to be carried out more 
easily and completely than in the simple triplet and results in an 
objective with better correction and covering a larger field. 
Both symmetrical and unsymmetrical objectives of this type have 
been designed. The unsymmetrical design permits more complete 
correction for astigmatism and curvature 
of field, but is not perfectly rectilinear. 
The best known objective of this type 
is the Heliar of Voightlander. The 
Dynar, a similar objective of smaller 
aperture (f:6.8), also by Voightlander, 
is no longer made. 
A third modification of the simple trip- 
Bis Mee eaeey of let consists essentially in dividing the cen- 
fhe nacre Ec iplet tral negative lens into two similar lenses 
(Warmisham’s Aviar). but of lower individual power. This per- 
mits the employment of shallower curves 
than the single negative lens of the original triplet, and enables the 
corrections for coma to be carried out more thoroughly resulting in a 
larger flat field. The best known objective of this type is the Aviar 
of Taylor, Taylor and Hobson which was designed by Warmisham.*° 
10 B.P. 113,590 of 1918 and B.P. 312,536 of 1920. 
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Unofocal_—In 1901, Steinheil introduced as the Unofocal an 
anastigmatically corrected objective similar in appearance to the de- 
sign just discussed but based upon an entirely different principle. ~In 
the Unofocal, all four lenses are made of glass of practically the 
same refractive index. Achromatism is secured by a suitable adjust- 
ment of the separation between the elements and, while there is neither 
an abnormal nor normal glass pair, the conditions necessary for 
spherical and astigmatic correction are satisfied. Spherical correction 
is obtained by two refractions in the same direction, and astigmatic 
correction by the two glass-to-air surfaces, which constitute convex and 
concave surfaces facing a medium of higher refractive index. 

The Unofocal is made by Steinheil in several series, the most rapid 
with a relative aperture of f:4.5. Among other lenses based upon the 
same construction are the Gundlach Anastigmat f :6.3, the Kodak An- 
astigmat f:7.7 and the Graf Anastigmat. Some of these are sym- 
metrical. 

Two other unsymmetrical objectives based upon the same principle 
may be mentioned, the [sostigmar and Neostigmar of Beck (London). 
These, however, unlike the Steinheil Unofocal, do not obey the Petzval 
condition. The Neostigmar is also convertible; removing either the 
third or fourth lens provides three different focal lengths in the same 
objective. 

Teleobjectives.—There are two kinds of teleobjectives, one com- 
posed of a positive combination, constituting a separately corrected ob- 
jective, and a negative combination corrected for spherical and chro- 
matic aberration (compound teleobjective), and the other a positive 
and negative combination which are not individually corrected, the 
aberrations of the positive component being brought to a minimum by 
making those of the negative component of the opposite character and 
as nearly equal as possible (fixed magnification teleobjective). 

It is difficult to obtain a large working aperture with the compound 
teleobjective so, despite the advantage of variable magnification, this 
type of objective has practically disappeared from the market. Most 
manufacturers, however, will construct telephoto attachments to order 
for such of their objectives as may be suitable. The fixed magnifica- 
tion teleobjective has the advantage of producing, with approximately 


Beck—A New Principle in Photographic Lens Construction. Phot. J., 


44 (1904), 172. 
eee eincipics, and Construction of the Telephotographic Lens. Phot. 


J., 65 (1925), 392. 
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the same camera extension, an image from two to three times as large 
as the usual camera lens (the magnification varies in different lenses) 
and its large relative aperture (f:5.5 or larger) enables it to be used 
for rapidly moving objects, sporting events, etc. 

The first of the modern fixed magnification teleobjectives was cal- 
culated by Martin and introduced by Emil Busch * of Rathenow (Ger- 

many) ini 1905 as the Bis-Telar (Fig. II5). 
This teleobjective had a relative aperture 
of f:9 and a magnification of 1.65. Tele- 
objectives of similar design but with greatly 
| improved correction and larger relative aper- 

Big tie) Bie Petar oF tures have been introduced in recent years. 

Busch Prominent among these are the Large Adon 

and Dallon of Dallmeyer (London), the 

Telic of Taylor, Taylor & Hobson, Leicester (England) and the Radiar 

of Gundlach (Fairport, N. Y.). The first mentioned, calculated by 

Lan-Davis,!2 has a relative aperture of f:4.5 while the second, calcu- 

lated by Booth, is made in several series ** with relative apertures 

ranging from f:5.6 to f:8. The magnification in all cases is approxi- 

mately two times. The Cooke Telic, calculated by Lee,** has a rela- 
tive aperture of f£:5.5 and a magnification of two times. 

The Tele-tessar of Zeiss1® and the Telegor of Goerz differ from 
the teleobjectives described in the form given the rear component 
which consists of a pair of cemented meniscus lenses, the positive 
member being placed nearest the diaphragm and not on the outside 


Fic. 116. Tele-tessar of Zeiss 


(Fig. 116). These objectives have a relative aperture of £:5.5 and a 
magnification of two times. 


The Teleros of Ross Limited (London) is made in two series: one 


11 B.P. 15,372. 

12 B.P. 1185 of 1014. 

18 B.P. 130,719 and 151,507 of 1920. 
14 BP. 108,058. 

15 B.P. 179,520, U.S.P. 1,467,804. 
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having a relative aperture of £:5.5 and a magnification of two times, 
the other a relative aperture of £:6.3 and a magnification of three 
times. In both cases, the rear component is a cemented triplet 
Crign ri)? 


Fic. 117. Teleros of Ross Ltd. 


A similar objective in which the rear component is a cemented trip- 
let, is made by Taylor, Taylor and Hobson of Leicester (England). 
This was calculated by Lee and has an aperture of f:5.5 and a magni- 
fication of three times.1” 

Types of Lenses Used for Portrait Work.—Four types of lenses 
are in general use for portrait work: 


1. Lenses of the Petzval construction. 
2. The anastigmat. 

3. The diffused-focus lens. 

4. Triplet constructions. 


The portrait lens, owing to its curved field, is used today chiefly for 
head and shoulder portraits. For this purpose it is, however, favored 
by many portrait workers because of the plastic quality of the image. 

Anastigmats working at a relative aperture of f:4.5, or larger, are 
used quite extensively for portrait work particularly for groups and 
for full and three-quarter figures. The critical definition of lenses of 
this type is not required in portrait work and in head and shoulder 
portraits especially may be objectionable since most sitters, unlike 
Cromwell, do not want every wart and pimple to show. A number 
of manufacturers therefore provide lenses of the focal lengths com- 
monly employed for portrait work with a means of softening the defi- 
nition by introducing a certain amount of spherical aberration through 


16 B.P, 188,621. 
17 B.P. 132,067. 
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alteration of the position of one of the elements of the lens. The 
biting definition of lenses not provided with such an adjustment may 
be softened by using diffusion disks over the lens or by covering it 
with one or more thicknesses of black chiffon. Cutting a small open- 
ing in the cloth will make the definition somewhat sharper than when 
the entire lens is covered. 

The diffused-focus lens is preferred by many portrait photographers 
because it subdues detail, accentuates the feeling of atmosphere about 
the subject, and the negatives require less retouching. The degree of 
diffusion is usually controlled by the size of the diaphragm. Diffused- 
focus lenses require more than ordinary care in focusing and in the 
lighting of the subject if objectional halos are to be avoided. 

For head and shoulder portraits particularly, a lens of relatively 
long focal length is desirable. A good rule to follow is this: Use a 
lens whose equivalent focal length is at least twice as great as the diag- 
onal of the photograph. For full-length figures and groups, a lens of 
shorter focal length may be used as the subject-to-camera distance is 
greater. A lens having a focal length from 50 per cent to 60 per cent 
greater than the diagonal of the photograph may be regarded as the 
minimum. 

An important factor in the choice of the focal length of the lens is 
the size of the studio. To determine the length of the studio required 
for a lens of any given focal length, regard the average head as being 
nine inches in height and the standing figure as eight feet. Calculate 
the degree of reduction for the size of image desired and multiply the 
degree of reduction by the focal length of the lens and add one focal 
length. The result is the lens to subject distance. It is usual to add 
five feet to this distance to allow for the camera and background. For 
example, if the focal length of the lens is 20 inches and it is desired to 
make a head two inches high, the degree of reduction is 1/4.5 and the 
lens subject distance is 110 inches (4.5 times 20 plus 20 equal IIo). 
Adding to this 60 inches (5 feet) we have a total of 170 inches or 14 
feet 2 inches which is the working space necessary. 

Lenses for Commercial Photography.—Anastigmat lenses of the 
symmetrical type whose single element consists of either three or four 
cemented lenses, are deservedly popular among commercial photog- 
raphers due to the excellent definition of good lenses of this type, the 
relatively large field and to the fact that such lenses afford a choice of 
at least two, and frequently three, focal lengths by using the elements 
singly. While not as rapid as many anastigmat lenses of unsymmetri- 
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cal construction, they are sufficiently rapid for most of the require- 
ments of commercial photography. 

For general exterior work the focal length of the complete lens 
should be equal to, or slightly less than the diagonal of the picture. 
A focal length approximately twice that of the complete lens will then 
be obtained by using the single element, if both elements are the same 
focal length. If the focal lengths of the two elements are unequal, one 
is usually somewhat less, and the other slightly more, than twice the 
focal length of the complete lens, 

The single lens should always be used behind the diaphragm regard- 
less of its position in the complete lens. Shutters designed for use 
with convertible lenses usually have three diaphragm scales, one for 
the complete lens and one for each element when used alone. The 
scales are marked with the focal length of the lens, or “B” and “F” 
which refer to the back or front half of the lens. 

Anastigmat lenses of the unsymmetrical type are employed by many 
photographers and are satisfactory except where convertibility is de- 
sirable. When such lenses are preferred the most rapid series should 
not be chosen for work demanding the utmost sharpness. In this case, 
the less rapid series should be chosen on account of its superior cor- 
rection and the reserve covering power, which is greater than that of 
the more rapid lenses even when the latter are used at a smaller stop. 
With a lens of this type, it is desirable that the focal length be slightly 
greater than the diagonal of the picture in order that the covering 
power of the lens be sufficient to permit the free and complete use of 
the camera swings. 

Wide Angle Lenses.—A number of anastigmat lenses of sym- 
metrical construction, particularly those of the cemented type, when 
stopped down will cover a larger plate than that for which they are 
intended and so may be used as a wide angle lens where neither speed 
nor an extremely wide angle is required. Some medium speed 
lenses of unsymmetrical construction will also cover a larger plate 
when stopped down, but, generally speaking, the increase in the size 
of the field upon stopping down is much less than with lenses of sym- 
metrical construction, so that, with a very few exceptions, lenses of 
this type will not serve as wide angle lenses when stopped down. 

Wide angle lenses, properly speaking, may be divided broadly into 
two types, namely medium and extreme wide angle. Lenses of the 
first class are usually designed to work at a larger aperture and are, for 
the most part, based upon the Gaussian construction, This construc- 
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tion is especially favorable towards a large field at a relatively large 
aperture. Lenses of this type may have an aperture as large as f:9.5, 
and cover an angle of go degrees. The Wollensak Velostigmat, Series 
III £:9.5, the Meyer Wide Angle £:8, the Dallmeyer Wide Angle f :11, 
to mention only three, are of this general type. The Dallmeyer wide 
angle and the Cooke Anglic may be opened up to f:6.5 for focusing 
but must be used at f:16. The larger opening facilitates focusing in 
dark places. 

Most extreme wide-angle anastigmatic lenses are unsymmetrical 
constructions consisting of two cemented lenses on either side of the 
diaphragm. (See page 125.) This type of lens can be made to cover 
sharply a very wide angle but cannot be made to work at a large aper- 
ture, its usual working aperture being from f:16 to f:18. As there 
are no air spaces, and only four reflecting surfaces, it is largely free 
from internal reflections and is well adapted for use with subjects con- 
taining naked lights, such as street lights, electric signs, chandeliers, 
etc. The Zeiss Protar Series V, £:18, the Bausch & Lomb Extreme 
Wide Angle Protar and many others are of this type. 

The Hypergon.—This extreme wide angle lens was designed by 
E. Von Hoegh in 1900 and covers an angle of approximately 135°. It 
consists of two thin hemispherical lenses symmetrically placed about a 
central diaphragm (Fig. 118). It is uncorrected for chromatic or 
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spherical aberration but, in consequence of the radii of the surfaces 
being nearly the same, it possesses an anastigmatic flat field. 

To secure even illumination over its large field, an opaque star-shaped 
diaphragm is mounted directly in front of the lens. This is revolved 
during the exposure, thus reducing the illumination in the center of 
the field. A small diaphragm must be used in consequence of the 
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large amount of uncorrected spherical and chromatic aberration and 
the actual working aperture is about f:4o. ” 

Lenses for Aerial Photography.—Lenses designed for aerial 
photography must have critical definition over a large flat field, must 
be free from distortion, the illumination of the image must be as nearly 
uniform, and the relative aperture as large as possible. A relatively 
wide angle is desirable, if obtainable without the sacrifice of the fore- 
going essentials. Objectives specially designed and constructed for 
aerial photography are employed for all mapping and survey work in 
which the utmost precision is necessary. 

Lenses for Reproduction Processes.—The objective used for 
copying and process work should give critical definition and even il- 
lumination over the entire film, should be free from distortion and, for 
color reproductions, apochromatic, i.e., chromatically corrected for 
three colors instead of two. These conditions can be satisfactorily met 
in the present state of photographic optics only through the use of 
objectives having a relatively long focal length in relation to the size of 
film or plate which they are designed to cover and a comparatively 
small aperture, f:10 or smaller. 

Lenses of this type are designed for use at or near unit magnifica- 
tion, and differ in this respect from other photographic objectives 
which are designed for use with objects at a greater distance from the 
lens. Process lenses are favored in certain quarters for commercial 
photography in the studio where still-life subjects demanding critical 
definition are involved as well as for three-color photography. 


CHAPTER V 


THE PHOTOGRAPHIC EMULSION 


Introduction.—A photographic emulsion is not a true emulsion 
but a suspension of a light sensitive solid in a colloid. While light- 
sensitive emulsions may be prepared from the salts of several metals 
including mercury and thallium,’ only those of silver halide are of 
practical importance. Albumin (1847) was the first colloid used in 
photographic emulsions; this was followed by collodion in 1851 which, 
in turn, was superseded by gelatin (1872). Although attempts have 
been made to use agar and casein, mainly in emulsions for printing 
papers, only gelatin is of practical importance. 

In making an emulsion a solution of silver nitrate is added to a solu- 
tion of gelatin containing an alkaline halide, the reaction in the case 
of silver bromide being AgNO, + KBr== AgBr + KNO,. The gel- 
atin is first allowed to swell in cold water and then dissolved by heat, 
after which the alkaline halide (either bromide, chloride or iodide) is 
added and finally silver nitrate. 

The precipitation or “ emulsification” of the silver halide in gelatin 
is a very critical operation; the particles must be of the proper size 
and evenly distributed throughout the gelatin solution. To increase 
the sensitivity, emulsions intended for use in the camera are subjected 
to a process known technically as ripening which is accomplished by 
heating the emulsion or by the addition of ammonia. After ripening, 
the emulsion is washed to remove the alkali nitrate (KNO,) and other 
soluble substances. 

Both of these operations are frequently omitted in the case of the 
less sensitive and more dilute emulsions employed for contact printing 
papers. 

The emulsions for films and plates intended for use in the camera 
consist of nearly pure silver bromide or silver bromide and a small 


1 Luppo-Cramer, Die Grundlagen der Photographischen und Negativ-V erfahren. 


CarroLt—A Summary of Emulsion Knowledge. Brit. J. Phot., 79 (1932), 
622, 637, 654, 684. 

RenwickK—The Manufacture of Sensitive Emulsions as a Science and an 
Art. J. Soc. Chem. Ind., 42 (1923), 43. 
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amount of soluble iodide, while the less sensitive emulsions used for 
papers consist of pure silver bromide (bromide papers) silver bromide 
and silver chloride (chloro-bromide papers) or silver chloride (de- 
veloping out or gaslight papers) the order of sensitiveness decreasing 
generally in this order. 

In negative emulsions, the silver halide forms from 30 to 40 per 
cent of the total weight of the dry emulsion. The proportion is 
usually much less in emulsions for printing papers. 

While the formulas and manufacturing procedures employed in 
the preparation of commercial emulsions are closely guarded trade 
secrets, the general principles are well known and will be discussed 
in the following pages. 

Gelatin—If silver halide is formed in an aqueous solution by 
the double decomposition of a soluble halide, such as potassium bro- 
mide and silver nitrate, and the solution allowed to stand a short while, 
the silver halide will begin to precipitate upon the sides and bottom of 
the vessel. However, if the silver halide is formed in the presence of 
a colloid, such as gelatin, the solution, at first clear and slightly opales- 
cent, becomes creamy or milky on standing and the silver halide does 
not precipitate out of solution but remains uniformly distributed in 
the solution. The colloid (gelatin) thus acts as an emulsifying me- 
dium, or vehicle, holding the particles of silver halide in suspension. 

As a vehicle, gelatin is immensely superior to any other colloid. Of 
primary importance from the standpoint of photographic emulsions 
is the easy reversibility of the transition from the hydrosol to the 
hydrogel at readily attainable temperatures. As a hydrosol, it renders 
possible the formation of a suspension of silver halide particles in a 
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medium which can readily be spread on paper, film, or on glass plates, 
converted by chilling into a hydrogel, and upon drying forms a vehicle 
capable of holding the photosensitive silver halide permanently in 
position on the base and at the same time is of such a nature as to 
allow the free passage of the solutions in processing. Thus it is the 
properties of the hydrosol which are of importance in the preparation 
of the emulsion and those of the hydrogel which concern its behavior 
in use. 

Aside from functioning as a vehicle, gelatin acts as a protective col- 
loid. Silver halide formed by precipitation in an aqueous solution is 
immediately attacked and reduced to silver by a developer whether ex- 
posed to light or not. If, instead of water, the silver halide is formed 
in a solution of a colloid such as gelatin, the rate of reduction is greatly 
decreased, especially for silver halide which has not been exposed to 
light. The difference in the rate of reduction for exposed and un- 
exposed silver halide, when precipitated in a colloid, renders develop- 
ment possible. Without the protective action afforded by a colloid 
all possibility of obtaining an image is eliminated as the silver halide, 
whether exposed or not, is immediately reduced by the developer. 

The exact mechanism involved in the protective effect of a colloid 
is not clear. It is probably very similar to, if not identical with, the 
protective action observed in the case of gold and silver sols; how- 
ever, in the case of photosensitive silver halide, there is the added 
difficulty of accounting for the difference in the rate of reduction for 
exposed and unexposed silver halide. Apparently the chief function 
of a colloid in restraining reduction by developing agents is by retard- 
ing the deposition of silver either by raising the metastable limit by the 
exclusion of the nuclei or by hindering the coalescence of the silver 
amicrons.® 

It has long been recognized that emulsions of higher sensitiveness 
may be prepared with gelatin than with any other colloid. Until only 
a few years ago it was a disputed point as to whether gelatin should be 
regarded as directly responsible or whether it acted merely as a passive 
medium which facilitated the production of large and more sensitive 
crystals. 

It is now known that both viewpoints are correct and that ordinary 
commercial gelatin contains products which materially affect the sensi- 

2 Slater-Price, Phot. Jl., 65 (1925), 94; Zsigmondy, Kolloidchemie, 1922; 
Freundlich, Capillarchemie, 1900. 

8 Sheppard, Phot. Jl., 69 (1929), 330. 
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tivity of the silver halide crystal. These were isolated by Sheppard 
and his coworkers in the Kodak Research laboratories and found to be 
allyl-isothiocyanate (mustard oil) and related sulphur-carbon com- 
pounds. The isothiocyanates are converted by ammonia into water- 
soluble thiocarbamides from which silver sulphide is formed as the 
result of a reaction, the nature of which is not yet clear. 

Many other substances have been found to act as sensitizers, but it 
is probable that in all cases the sensitizing action is due to the silver 
sulphide formed since allyl thiocarbamide does not act as a sensitizer 
except under conditions which result in the formation of sodium 
sulphide. 

The formation of sodium sulphide is retarded by a low bromine-ion 
concentration or by acids; it is greatly accelerated by ammonia and 
alkalis generally. 

Emulsions prepared with gelatin free of such sensitizing agents 
possess only moderate sensitiveness regardless of the manner of prep- 
aration. The addition of a small amount of any one of the sensitiz- 
ing substances results in a marked increase in sensitivity which in- 
creases as the concentration of the sensitizer up to a point beyond 
which general fog is produced.* 

The amount of the sensitizing substance necessary for optimum 
sensitiveness is very small; photographically active gelatin contains 
from I part in 300,000 to I part in 1,000,000 of the sensitizing sub- 
stance sufficient to convert only a few molecules per 100,000 of silver 
bromide to silver sulphide.® 

The mechanism involved in the increase in the sensitivity of the 
silver halide crystal by silver sulphide will be discussed later. 

A gelatin, to be suitable for photographic purposes, must be free 
from mineral or other products which would cause decomposition, 
from organic sulphur and other reducing substances, as well as cop- 
per, lead, and iron. It must have a high viscosity, which must be 
retained when heated, a good jelly strength and setting power, and 
finally must be clear and free from color. These conditions are met 
only by the purest gelatin extracted at a relatively low temperature.® 
' The Three Classes of Emulsions—Emulsions of silver halides 
in gelatin are conveniently divided into three classes : 

rt. Emulsions with an excess of silver nitrate. In this class are 

4 Sheppard, Phot. Jl., 66 (1926), 399. 


5 Sheppard, Phot. JI., 65 (1925), 380. 
6 See Sheppard, Gelatin. 
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found all emulsions designed for printing-out. A typical example is 
gelatino-chloride printing-out-paper. With the virtual abandonment 
of printing-out-papers, this class of emulsions is of little importance. 

2. Emulsions with a considerable excess of soluble halide. ‘The best 
example of an emulsion of this character is the unwashed silver chlo- 
ride emulsions employed for slow developing papers such as Velox, 
etc. 

3. Emulsions with a slight excess of soluble halide. In this class 
belong all ordinary negative emulsions. 

Emulsification—The precipitation of the silver halide is a very 
important and exacting operation. The crystals of silver halide must 
be of the proper size and must not flocculate together and separate out 
but remain uniformly dispersed in the gelatin solution. The character- 
istics of the emulsion are very largely determined by the conditions 
existing during emulsification. This is particularly true of emulsions 
of low sensitivity and those designed for papers, in which the after 
processes of ripening or digestion are of little importance. In the 
case of negative emulsions, processes subsequent to emulsification may 
result in greatly increased sensitiveness, but it is not possible to convert 
a low speed emulsion of the positive type into one of high speed simply 
by digestion; an emulsion of high speed will be obtained only if the 
conditions of precipitation are favorable to the growth of silver halide 
grains of high sensitivity. 

The conditions which affect the size of the crystals of silver halide 
formed upon precipitation and thus the photographic characteristics 
of the emulsion are (1) the concentration of the gelatin solution in 
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which the precipitation of the silver halide occurs; (2) the concentra- 
tion of alkaline halide during precipitation; (3) the rate of addition; 
(4) the temperature and (5) the presence of ammonia or ammoniacal 
silver oxide. Quantitative data are lacking on all of these factors. 
Such data as may be available are known only to emulsion-makers and 
only general statements are to be found in recent literature on the 
subject of emulsions. 

Curves published by Sheppard’? indicate a definite relationship be- 
tween the concentration of the gelatin solution in which the silver 
halide is precipitated and the average size of the grain. It is well 
known that only a part of the gelatin is present during emulsification 
and that in the case of high-speed negative emulsions the concentration 
of the reactants is higher and that of the gelatin lower than in low- 
speed emulsions. The grain size is affected also by the physical prop- 
erties of the gelatin but again quantitative data are lacking. 

In emulsions designed for development, the amount of alkaline halide 
present during precipitation is invariably greater than is necessary to 
combine with the silver salt to form silver halide. The presence of 
excess soluble halide during precipitation is essential in the prepara- 
tion of high speed negative emulsions. Silver bromide is more soluble 
in the solutions containing a soluble bromide and the increased solubil- 
ity results in the formation of larger and more sensitive grains. An 
excess of soluble halide also has the effect of reducing. the danger of 
fog in the preparation of highly sensitive emulsions. 

The usual practice in emulsification is to add the silver salt to the 
alkaline halide in gelatin; however, in the preparation of emulsions 
employing silver chloride there is less danger of flocculation if the 
chloride solution is added to a gelatin-silver nitrate solution. The rea- 
son for this is unknown. 

In some of the formulas given in Wall’s Photographic Emulsions 
the alkaline halide (potassium bromide) and silver nitrate are added 
to the gelatin at the same time, the former, of course, being in excess. 
Since in this case the concentration of bromide is more nearly constant 
than when the two are added separately, it would appear to tend to- 
wards a more uniform grain-size. 

The favorable influence of ammonia on ripening was observed in 
1879 ° by Monckhoven who called attention to the fact that an emul- 

7 Brit. J. Phot., 69 (1922), 679. 
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sion might be ripened by the addition of ammonia instead of heat. 
Ammonia may be added to the emulsion as ammoniacal silver oxide in 
the process of emulsification or at a later stage. The presence of 
ammonia during emulsification results in a change in the crystal habit 
of the precipitated silver halide; the thin plate-like crystals not only 
become thicker and more rounded but tend #° to clump together. Am- 
monia added to the emulsion after emulsification does not change the 
crystal habit of the grains already formed but does facilitate the ripen- 
ing process. (See Ripening.) 

Bromo-Iodide Emulsions.—The addition of iodide to gelatin- 
bromide emulsions was advised by Penney in 1878 and studied in de- 
tail by Abney and Eder. According to Abney ** it is essential for high 
speed emulsions.12 The use of iodide makes possible a higher degree 
of ripening and thus indirectly leads to emulsions of higher sensitiv- 
ity. According to Carrol? the sensitivity of such emulsions is not 
realized unless they are ripened further. Although silver iodide is 
less soluble than silver bromide and would for this reason be pre- 
cipitated first under ordinary conditions, Sheppard & Trivelli found 
no grains of silver iodide in a bromo-iodide emulsion.%* Renwick 
& Sease found** that the larger grains contain more iodide. The 
x-ray diffraction studies by Wilsey show that the grains of a mixed 
bromo-iodide emulsion have the same type of lattice structure as 
those of silver bromide alone.t* It appears, therefore, that the 
grains of the bromo-iodide emulsion may be looked upon as a mix- 
ture of silver bromide and iodide. 

Huse and Muelendyke ** found that the addition of iodide results 

10 Carrol, “ The Preparation of Photographic Emulsions,” J, Chem. Education, 
8 (No. 12, December, 1931), p. 2341. 

11 Phot. News, 1880, p. 174, 196. 

12 Carrol, J. Chem. Ed., 8, No. 12-(Dec., 1931), 2341. 

13 Sheppard & Trivelli, The Silver Bromide Grain of Photographic Emulsions. 
D. Van Nostrand, N. Y., 10921. 

14 Phot, JI., 64 (1924), 360. 


15 Wilsey, J. Frank, Inst., 200 (1925), 730. 
16 Phot. JI., 66 (1926), 306. 
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in a shift in the spectral sensitivity of the emulsion towards the longer 
wave lengths and it is reasonably certain that silver-bromo-iodide 
emulsions absorb more energy from white light than those of silver 
bromide alone. This alone, however, does not account for the in- 
creased sensitivity. In the opinion of Trivelli?” the increased sensi- 
tivity is due to the strain set up by the presence of the silver iodide 
incorporated in the crystal structure of the silver bromide. 

Ripening.—After emulsification, all emulsions except those for 
printing papers, are subjected to a process known technically as ripen- 
ing, the purpose of which is to increase the sensitiveness to white light. 
Ripening is accomplished by keeping the emulsion at a relatively high 
temperature for a certain time, by the addition of ammonia, or both, 
although, when ammonia is added, the temperature must be lower if 
fog is to be avoided. Ripening results in a change in the number and 
size of the grains of silver halide present in the emulsion and in their 
composition. In the presence of a solvent such as free bromide, an 
increase in temperature causes the smaller grains to disappear and 
combine with the larger ones; although the number of grains present 
is thus reduced the average grain size is increased.1® It was long 
supposed that the increase in sensitiveness produced in the ripening 
process was the result of the increased grain size, for it is well estab- 
lished that in general the large grains are more sensitive than the small. 
Sensitivity is not a function of grain size alone, however, and the in- 
creased size of the grains in the emulsion is a necessary but not a suffi- 
cient condition for high sensitivity. 

17 Rec. tran. Chem. (4), 5 (1924), 360. 
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Coincident with the change in the size of the crystals of silver halide 
is a change in chemical constitution. One result of the ripening proc- 
ess is probably the reduction of a part of the silver halide to colloid 
silver.19 The recent work of Sheppard on the sensitivity promoting 
substances in gelatin, while it does not exclude the possibility of the 
formation of colloid silver as one of the factors in ripening, indicates 
that an important, if not the primary factor, is the conversion of the 
allyl isothiocyanates, or other sensitizing substances present in gelatin, 
to thiocarbamide which, in turn, reacts with a portion of the silver 
bromide to form sensitivity centers, or nuclei, on the silver halide 
crystal. The way in which these centers of silver sulfide promote 
sensitivity is not entirely clear; the various theories which attempt to 
explain the mechanism involved will be discussed later.*° 

The function of ammonia in ripening is apparently closely connected 
with the formation of the sensitizing substances such as allylthio- 
carbamide described by Sheppard and Punnett. 

Under given conditions of digestion the sensitiveness varies with the 
hydrogen-ion concentration. With a given emulsion the sensitiveness 
increases with increasing time of digestion to a maximum point which 
varies with the pH (or hydrogen-ion concentration ) .** 

While it might be concluded that the change in sensitiveness with 
hydrogen-ion concentration is due to the amount of silver sulfide de- 
rived from the silver bromide-thiocarbamide reaction, this does not 
seem to be entirely the case, for it has been demonstrated that the 
sensitiveness of an emulsion, which is lowered upon the addition of 
acid, is immediately restored when the hydrogen-ion concentration is 
brought back to its original value.*? 

Eliminating the Soluble Salts—After ripening, the emulsion is 
chilled and the gelatin sets to rather stiff gel. It is then shredded and 
washed in cold water to remove the alkaline nitrate formed in the 
precipitation of the silver halide and the excess halide and ammonia 
(when the last mentioned is used). The excess salts may be left in 
dilute silver chloride emulsions as used for contact printing papers, 
but other emulsions must be washed to prevent the salts from crystal- 
lizing out and also because they act as desensitizers. 

19 Renwick, J. Soc. Chem. Ind., 156T (1920), 39; Brit. J. Phot., 67 (1920), 
447, 463. 
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The emulsion is placed in a press the bottom of which consists of a 
netting of silver wires. The pressure forces the jelly through the 
interstices of the wires breaking it up into fine shreds or “ noodles” 
which are washed in cold running water. The quality of the water is 
a very important factor. It must be free of metallic or organic sub- 
stances which would produce undesirable reactions. The alkalinity is 
also important. A moderately hard water is desirable as it tends to 
prevent the swelling of the gelatin. For this reason the temperature 
of the wash water must be kept relatively low, not above 10° C, 

The ammonia and alkaline nitrate must be eliminated as completely 
as possible or the emulsion will possess poor keeping qualities. The 
soluble halide, on the other hand, must not be eliminated completely 
for experience has shown that the presence of a small amount has a 
favorable influence on the keeping qualities of the emulsion. Emul- 
sions free of soluble halide develop fog in a relatively short time. The 
effect is more pronounced in the case of highly sensitive negative ma- 
terials which by their very nature must be relatively unstable. 

After-Ripening or Digestion.—At this stage, it is usual to add 
the remainder of the gelatin required for the completed emulsion, 
after which the emulsion may be again heated, usually at a lower tem- 
perature than before; a process known as after-ripening or digestion. 
This second heat treatment, unlike the first, has but little effect on the 
size of the silver grains but increases the sensitiveness and contrast of 
the emulsion. The increase in sensitiveness is very marked in the case 
of neutral emulsions and those containing iodide.”* 

The increased sensitiveness is apparently connected with the forma- 
tion of the sensitivity centers, or nuclei, of silver sulfide. The for- 
mation of silver sulphide from thiocarbamide, and possibly from other 
sensitizing substances, is retarded by an excess of bromide. This 
tends to lend support to the theory that the reaction taking place during 
after-ripening or digestion is primarily one between the sensitizing 
substances and the silver halide producing sensitivity centers, or nu- 
clei, of silver sulfide. 

The rate of digestion increases with the hydrogen-ion concentration, 
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and for a given emulsion the sensitiveness varies with the time of di- 
gestion to a maximum which varies with the pH.** 

Digestion must be carried out with great care in the case of high- 
speed negative emulsions in order to obtain high sensitiveness and the 
necessary contrast without fog. 

Additions Prior to Coating—If the emulsion is to be kept in 
storage for some time before coating, a preservative such as thymol, 
salicylic acid, or phenol is added to prevent bacterial growth which 
would cause decomposition of the gelatin. It is then chilled and placed 
in storage where it is kept at a relatively low temperature. 

When required for coating it is first melted and certain substances, 
known as “ doctors,” are added to facilitate coating, or to harden the 
gelatin so that it will not become soft during the processing of the 
negative. Alcohol is added for the purpose of preventing the froth- 
ing of the emulsion in coating, glycerin, to make the emulsion coating 
pliable when dry, and saponin, to make the gelatin layer more receptive 
to the developing solution, while traces of chrome alum or formalde- 
hyde are added to harden the gelatin and prevent frilling and soften- 
ing.2® Excessive hardening reduces contrast by retarding develop- 
ment. If chrome alum is used, there is the possibility of some loss in 
speed as it is sufficiently acid to reduce the pH value of the emulsion. 
The effect is not appreciable, however, with the amounts ordinarily 
used.”° 

The dyes necessary for rendering negative materials orthochromatic 
or panchromatic are also added at this stage. 

Color Sensitizing—Leading authorities in the field of photog- 
raphy generally agree that the expansion of the methods of optical 
sensitizing has been one of the most important factors in the advance- 
ment of photographic emulsion technique in the last decade. 

Most of the work on the development of the actual sensitizers has 
been carried out in the laboratories of the photographic film manufac- 
turing companies. Many of the patents granted both in this country 
and Europe are very brief and frequently contradictory. Thus, any 
one not directly and importantly connected with laboratories of the 

24 Rawling & Glassett, Phot. Jl., 66 (1926), 495; Rawling, Phot. Jl., 67 (1927), 
42; Sheppard & Wightman, Phot. Jl., 69 (1920), 22. 

25 Baines, “ The Manufacture of a Photographic Product.” Brit. J. Phot., 77 
(1930), 780. 

26 “ Additions for the Purpose of Restraining Fog,” Trivelli & Jensen, J. 


Frank, Inst., 210 (1935), 287; “Miscellaneous ‘doctors,’” Middleton, Brit. J. 
Phot., 75 (1928), 512. 
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film companies is unable to write a complete treatise on the subject 
of dye sensitizing. This chapter is merely a brief resume of the 
subject as a whole. 

Classes of Sensitizing Dyes.—Sensitizing dyes, like other dyes, 
are divided into acid, basic and possibly neutral classes. 

The Acid Dyes. The acid class includes such dyes as Eosin, Eryth- 
rosin, Rose Bengal, Aurine and a new type of dye recently discovered 
in Germany with the general formula of: 


y—=Sulfur, Selenium or Tellurium. If 
y==S the dye is 3(2) Thianaphthenone. 


The methine group may also be replaced by a chain of 3 or 5 methine 
(=CH—) groups. The sensitizing intensity of this type of dye is 
much lower than that of the cyanines and their technical importance 
is doubtful. 

Eosin, Erythrosin, Rose Bengal and Aurine belong to the triphenyl- 
methane class and contain hydroxyl (OH —) groups, which character- 
ize them as of the acid type. Of these dyes, only Erythrosin is of any 
importance as a sensitizer at the present time. It is used alone or in 
connection with a thiacarbocyanine or an oxacarbocyanine dye. Its 
formula, which typifies the triphenylmethanes, is: 


“Yt 
e: 
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The Basic Dyes. These include the cyanines as a general class, the 
pinaflavols and a few dyes of the triphenylmethane series. Auramine, 
ethyl] violet, methyl violet, magenta and other similar dyes of the 
triphenylmethanes were used before the cyanines were developed, but 
are of no importance at the present time. 

The pinaflavol sensitizers were first introduced from Germany in 
1920. Bloch and Hamer of England have given a review + of this 
series of dyes, referring to them as the “ styryl” compounds. There 
are desensitizers as well as sensitizers among the pinaflavols. They are 
characterized by the styryl group, —CH—CH—C,H;. The fol- 
lowing is the structural formula of a typical pinaflavol, which is said 
to be a strong green sensitizer : 


S 
ae we CH; 
N 
fan. 
On | 


It is observed that the pinaflavols have an even number of carbon 
atoms in the linking chain, while the cyanines have an odd number. 

The cyanine dyes are by far the most important of the optical sensi- 
tizers. The record of developments in this field, especially in the last 
I5 or 16 years, has been phenomenal. Several volumes could be 
written on this subject. Those who have been foremost in the de- 
velopment and production of the dyes are: Mills, Pope and Hamer, 
and their associates in England; and research workers of the German 
dye firms. Since about 1930, Kendall of Ilford Ltd., England, and 
Brooker of the Eastman Kodak Company have been the foremost lead- 
ers in the field of cyanines. W. Konig of Dresden has been outstand- 
ing in the development of certain important intermediates for the long 
chain cyanines. 

The Neutral Dyes. The Rhodanine dyes developed independently 
by Kendall of Ilford? and Brooker of Kodak * are examples of this 
class. Little has been published about these dyes, and little is gener- 
ally known concerning their sensitizing properties. Rhodanine and a 

1 Phot. Jl., 70 (1930), 374-390. 

2 Kendall, J. Soc. Dyers Colourists, 52 (1936). 

8 Kodak Ltd. (L. G. S. Brooker) B.P. 479,970. 
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typical sensitizer of this class have the Een e wg structural formulas 
respectively : 


S S CH; 
baat NG Ve Ve 
cD CH, = =(Clgl N 
S26 eae = 
‘adi tcp eisai CH; 
NH NH 


The basic character of this sensitizing compound is contributed by the 
ternary nitrogens, while the acid character is due to the presence of 
the ketonic oxygen. 

Classification and Constitution of the Cyanines.—In the early 
stages of the development of the chemistry of the cyanines, these 
compounds * were divided into cyanines, isocyanines and pseudocy- 
anines. Sometime after the introduction in 1905 of a class of dyes, 
later known as the carbocyanines,’ the cyanines were further classified 
as pinacyanols, dicyanines and kryptocyanines. After the constitu- 
tions of these compounds were established in 1920 by Mills and 
Hamer® cyanines were further classified generally into simple cy- 
anines, carbocyanines, dicarbocyanines and so on with sub-classes of 
cyanine, isocyanine and pseudo- or © cyanines. The following. for- 
mulas sue ee constitution and classifications just given: 


2 ye 


iC ‘ 


he Ms 
Cyanines Isocyanines At 
XQ 
vo os | 
C.H; I C:H; 


Pseudocyanines 
4 Mills and Pope, Phot. Jl., 60 (1920), 183-202. 
5 Mills and Pope, Phot. Jl., 60 (1920), 253-267. 
6 Mills and Hamer, J. C,. S., 117 (1920), 1550-1562, 
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The structure of the pinacyanols, dicyanines and kryptocyanines corre- 
spond to the structures of the simple cyanines, isocyanines and pseudo- 
cyanines respectively, except in the length of the chain linking the 
heterocyclic rings. 

The linking of the structures just given is by a single = CH 
group while the pinacyanols, etc., have a 3 carbon linkage, e.g. = > | 
— CH = CH —. 

Following the determination of the general structure of the carbo- 
cyanines, the most important development from 1920 to about 1930 
was the extension of the cyanine system by the introduction of thiazole, 
selenazole, oxazole and indolene ring systems. This work was carried 
out independently by Mills, Pope, Hamer and their associates in Eng- 
land, and to a lesser extent by K6nig and others in Germany. 

The chemistry of the cyanines in general has been well established, 
and it is believed that all the cyanines can be related by a general 
formula: 


4 ay 
A ee 
ZC a = 
\| C—(CH=CH), —CH=C || 
Wa ae 
Sa 7 
N N 
eX 
R x R’ 


CH; 
y ye 
where y, y’ may be -CH=CH-—, —S—, —Se—, —O-—, or— C— 


CH; 
R, R'=alkyl group; n=0, 1, 2, 3, 4 etc.; y’ may be equal or unequal to y. 


The nomenclature is somewhat confusing because various methods 
of naming the cyanines by classes and subclasses is used. The cyanines 
as a general class are divided, in England and America, into simple 
cyanines, carbocyanines, dicarbocyanines, tricarbocyanines, tetracarbo- 
cyanines and pentacarbocyanines, while in Germany, they are divided 
into monomethine, trimethine, pentamethine, etc., according to the 
number of = CH — or methine groups in the chain linkage. 

In 1922, Konig? suggested that the common names of the dyes, 


7 Konig, W., Ber., 15 (1922), 3203-3313. 
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such as cyanine, isocyanine, pinacyanol and kryptocyanine be dropped, 
and in their place the general term quinocyanine for the dyes derived 
from quinoline be used, e.g., in which y or y’ is —CH—=CH —. This 
would distinguish them from the corresponding thiazole, selenazole, 
oxazole and indolene compounds respectively. However, the term 
quinocyanine has not been generally adopted. 

The naming of compounds from the viewpoint of the molecular 
structure is illustrated by the compound 2, 2’-diethyl thiatricarbocya- 
nine iodide which is a dye with seven methine groups in the chain 
linkage with y and y’ as sulfur. The structural formula is: 


S S 
fo VAP SON 
C-CH :€H-CH :CH-CH:CH-CH:C | 


ae Pe 
N N 
ToeX | 
Gig. -t CHs 


Thia represents the benzthiazole group. For more detailed informa- 
tion, reference can be made to the Chemical Abstracts volume on 
terminology. 

Intermediates for the Cyanines.—The substances classed as di- 
rect intermediates or what are known as beginning materials for 
preparation of the actual dyes, may be divided into two classes, e.g. 
(1) Cycloammonium salts and (2) Linking agents for these salts. 

(1) Cycloammonium Salts. The most commonly used are, (a) 
quinaldine ethyl iodide, (b) 2-methylbenzthiazole ethyl iodide, (c) 2- 
methylbenzselenazole ethyl iodide, (d) 2-methylbenzoxazole, (e) 1, 2, 
3, 3-tetramethyl indolenium iodide. The structural formulas are as 
follows: 


S Se 
ab < Vee 
C—CH; ae C—CH; 
Va 
N 
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CH; CHs 
ee 4 
O c 
ss ~ 
C—CH; C—CHs; 
YA 
vi a 
Viale hig 
C,H; I C.H; I 
(d) (e) 


These compounds may be considered as derivatives of quinoline, benz- 
thiazole, benzselenazole, benzoxazole and dimethyl indole or dimethyl- 
benzpyrrole respectively, although it is understood that the cyclo- 
ammonium salts are not prepared directly from these substances. 

The corresponding single heterocyclic ring compounds are not used 
as extensively as the corresponding double ring compounds. This is 
probably because they are more difficult to prepare and also because 
the corresponding cyanine syntheses result in a poorer yield. The 
structures of these single membered ring compounds are: 


ee ae aa a“ = as 
i ll ne —CHs; se Il z C—CH, 
e = Va 
ead Se 
Vito Os: oie 
C.Hs I CoH; I CoH; J 
a (bd) Cc 
CH, CH, 


ae oe i C—eH. 
<4 Se 

oft, ch. 
(d) (e) 


These compounds may be considered as derivatives of pyridine, thi- 
azole, selenazole, oxazole and 2, 3, 3-trimethyl pyrrole respectively. 
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The heterocyclic nuclei themselves do not serve as beginning materials 
for the cyanines. There are other intermediates, such as 2-iodoquino- 
line, lepidine and others, which are important but cannot be considered 
in this brief discussion. 

A brief resume of the preparation of a direct intermediate for 
cyanine dyes from the various indirect intermediates is as follows: 

Benzene is nitrated to form nitrobenzene, which is reduced with 
nascent hydrogen to give aniline. By heating aniline and paraldehyde 
in presence of hydrochloric acid, a series of unusual reactions takes 
place resulting in the final product of quinaldine. Quinaldine is then 
ethylated with ethyl iodide to give quinaldine ethyl iodide. This series 
of reactions is represented diagrammatically as follows: 


NO, N He 
vex 
+HNO;> Ee eee | + (CH,;CHO),HCI-> 

Benzene Nitrobenzene Aniline Paraldehyde 

; 5 
jhe, + GHI - > fis 

N N 
VIS 
CH; I 
Quinaldine Ethyl iodide Quinaldine ethyl iodide 


For more detailed information on the various phases of these indi- 
vidual reactions the reader is referred to treatises on advanced organic 
chemistry, special articles and the patent literature. 

IT. Linking Agents. All cyanine dyes are the result of the linking 
of two heterocyclic nuclei or rings by a methine (— CH—) group or 
a chain of methines. These linking groups are formed during the 
process of condensation. 

Monomethines. ‘The linking agent for the monomethines or simple 
cyanines is an active methyl or CH, group, which 1s contained in the 
molecule of the intermediate itself. For the quinocyanines, the CH, 
group must be in the alpha or gamma position to the nitrogen of the 
ring to be active. In case of the thio-, seleno-, oxy- or indolene com- 
pounds, the methyl group must be on the carbon atom between the 
respective elements S, Se, O or —=C(CH;), and the nitrogen atom of 
the ring—e.g. the 2-position for the 5 membered rings. 
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Trimethines. The first substance used as a linking agent was 
formaldehyde. It is of importance only because it was discovered in 
1905 that by using this compound a new type of dye could be obtained. 
It was used as the linking agent in the preparation of all of the various 
carbocyanines up to about 1922. The orthoformic acid esters were 
discovered in 1922 and since then have been used very extensively. 

There are many other substances used as linking agents for the 
carbocyanines, as shown by the patent literature. Some of these are: 
the ortho esters of propionic acid, n-butyric, n-valeric, n- and iso- 
caproic, phenylacetic, phenyloxyacetic and benzoic acid, tetraethyl 
orthocarbonic acid ester, diorthoformyl methylaminodiphenyl disul- 
phide and diphenyl foramidine. It is believed that the use of ethyl 
orthoformate gives better results in most cases for the preparation of 
the carbocyanines than any of the other linking intermediates. 

Pentamethines (Dicarbocyanines). The most important linking 
agent for the preparation of the pentamethines is beta~ethoxyacrolein 
acetal. It was probably used as the first linking agent in the prepara- 
tion of cyanines of this class. The preparation of the dye was based 
on the ideas contributed by Kénig.s Kendall (B.P. 390,808) used an 
acetal of propargyl aldehyde to prepare dicarbocyanines. 

Heptamethines (Tricarbocyanines). The most important linking 
agent for the dyes of this class is glutaconaldehyde, dianil hydrochlo- 
ride and what is described in the literature as the free form of 
glutaconaldehyde set free by the action of NaOH solution on 2, 4- 
dinitrophenyl-pyridinium chloride. The tricarbocyanines were dis- 
covered independently by three groups of workers of whom Wahl 
in Germany was the first (D.R.P. 499,967/1928). Miss Hamer of 
England (B.P. 351,555/1930; 354,826/1930) and Piggott and Rodd 
of England (B.P. 355,693/1930) also prepared tricarbocyanines using 
this linking agent. 

The work of all three groups is based, first on the work of Zincke 
and his co-workers in Germany about 1904-1905, who showed that the 
pyridine ring of 2, 4 dinitrophenyl-pyridinium chloride may be broken 
open in an usual manner, to give 2, 4 dinitroaniline and presumably 
the enolic form of glutaconaldehyde and secondly, on the “ displace- 
ment process” of Konig. 

Nona- and Undecamethines (Tetra- and Pentacarbocyanines). ‘The 
linking agent for the nonamethines is the residue of 4-acetoxy-A 3, 5- 
heptadiene-1, 7-dial di-tetrahydroquinonolide perchlorate; its prepara- 


8 Konig, W., J. prakt. Chem. (2), 86 (1912), 173. 
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tion is believed to be chiefly the result of the researches ® of W. Konig, 
and others in Germany. 

_ The linking agent for the undecamethines or pentacarbocyanines is 
4-acetoxy-A 3, 5, 7-nonatriene-1, g-dial di-tetrahydroquinalide per- 
chlorate.® 

Preparation and Some Properties of the Cyanines.—The funda- 
mental conceptions developed in the realm of free research have con- 
tributed very much to the development of the cyanine dyes. Examples 
are the syntheses of Skraup and of Dobner and von Miller about 1885 
in the quinoline series; the work of Kaufman and Vonderwahl about 
1912 on the constitution of the monomethines, and that of Zincke and 
his asociates about 1904 on the rupturing of the pyridine nucleus which 
made possible the development of the tricarbocyanines. However, 
most of the work in the development and preparation of the cyanine 
dyes has been carried out in the laboratories of the photographic 
industry. 

Monomethines. The monomethines or simple cyanines are pre- 
pared by condensing two cycloammonium salt molecules one of which 
contains an active methyl group. NaOH, KOH or an organic amine 
in alcoholic solution are used as condensing agents. It is believed 
that the mechanism of the reaction in the preparation of the dye con- 
sists in the removal of acid (HX) from the cycloammonium salt to 
give a free but unstable methylene base which unites with a second 
molecule of a salt to form the dye. The following diagrams will 
illustrate the preparation of a pseudocyanine, 


—HI ie 
Vir = NO = CH. 
R 


N 
Tens 
R I 


Cycloammonium salt Methylene base 


—HI 
Coe > a2 ee os 
N N N 


Waa ies 
C.H; I CH; I R 
2-Iodo quinoline ethyl iodide Monomethine dye 


9 Ber., 67 (1934), 1274. 
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The isocyanines and cyanines are prepared by similar methods but 
using different cycloammonium salts. 

Trimethines (Carbocyanines). The patent literature indicates that 
the carbocyanines are the most numerous of all the cyanines. Mills 
and Pope in an article in the Photographic Journal of 1920 have given 
methods for the preparation of about 18 different dyes. Formalde- 
hyde was used as the linking agent and sodium or potassium hydroxide 
as the condensing agent. Since the use of orthoformic acid ester has 
supplanted the formaldehyde method, the following diagram using 
ethyl orthoformate will be used as an illustration of the preparation 
of a carbocyanine. 


! 


ay < e oe 
Er oh iaeke tes. H a 
C—C:H.+ (C2H;O)2? = C — :OC,H;+H:—C—C 
ye Zasdsecsiveveqseesses sass 2 | | Sort enedeueterreenrt | : A 
ens Cn 
CoH; I be I a5 CoH; 
y yy’ 
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ee C-CH=CH-CH=G he 
a XQ 
N N 
aes | 
C,H; ] CH; 


where y ==—CH = CH—, —S—, —Se—, —O—, or —C (CH) .—; 
‘yy may or may not equal y’. 


The first dye of technical importance in this group was Pinacyanol 
which, however, has largely been replaced by other dyes. The carbo- 
cyanines are very important since they give ranges of sensitization 
chiefly in the visible range of the spectrum. 

The Pentamethines (Dicarbocyanines). The dicarbocyanines are 
not considered as important as the tri-, tetra- and pentacarbocyanines. 
The most important method of preparing these compounds is by the 
condensation of two cycloammonium salt molecules with one molecule 
of beta-ethoxyacrolein-acetal. As may be expected, the reactions are 
very complex and cannot be considered in a brief discussion. The 
sulfur dyes of this class are probably the most important. A typical 
dicarbocyanine is: 
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S S 
SS WA 
C—CH=CH—CH=CH—CH=C 
SAN aa NE 
N N 


ieee | 
CGHer- t C:Hs 


The dyes of this class are sensitizers for the red and infra-red. 
Heptamethines (Tricarbocyanines). As has been stated under 
“Linking Agents,’ the most important direct intermediate in this 
class is glutaconaldehye in the form of its dianil hydrochloride. The 
development of the dyes of this class is based largely on the work 
of Zincke and the “displacement process” suggested by Konig. 
Zincke and his co-workers showed that the pyridine ring of 2, 4- 
dinitrophenyl-pyridinium chloride (1) may be broken open by treat- 
ing with NaOH to give the dianil of glutaconaldehyde. This sub- 
stance (Il) which is classed by Konig as a streptopolymethine dye is 
then subjected to the “ displacement process” of Konig by condens- 
ing with two cycloammonium salt molecules in absolute alcohol in 
presence of sodium ethoxide to produce a tricarbocyanine dye. The 
formulas and processes are represented diagrammatically as follows: 


—C,H;—-N=CH—CH=CH—CH=CH—NH—CG,Hs 
II 


a cai (NO»): 
(I) 


Formula (II) or a streptopolymethine is condensed with 2 molecules 
of 1-methyl-benzthiazole-ethyl iodide to give the dye 2, 2-diethyl benz- 
thiotricarbocyanine iodide the structural formula of which is: 


S S 
S, Va aS 
C—CH=CH—-CH=CH-—CH=CH-—CH=C 


SA Ny 


aX | 
CH; I CH; 
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The “ displacement process” of Konig *° consists in the replacement 
of a C,H,N —and a C,H;NH — by the cycloammonium salt residues. 

The tricarbocyanines are sensitizers for the red and infra-red. 

The Nona- and Undecamethines (Tetra- and Pentacarbocyanines). 
These dyes are sensitizers for the extreme infra-red. The prepara- 
tion of these dyes is the result of the work of Konig and others in 
Germany based on KGnig’s “ displacement process *-of 1912. <A typi- 
cal formula, of a pentacarbocyanine dye, is: 


= 0.C0.CH 
C_CH=CH-—-CH =CH— CH =eH-C=CH-Ca— 
VA S 
N i os 
LES CH-CH=C_ 
Gr Clos Be 
C,H; 


As to the future of the long chain cyanines, the importance de- 
pends on the stability of the dyes formed. The tetra and pentacarbo- 
cyanines are somewhat unstable. The desire of the present day is 
to remove the side-chain or oxacyl group from the linking chain. 

Process of Sensitization—Considerable work has been carried 
out to determine the action of dyes in the various photographic 
processes, the results of which are not considered here. However, 
it is believed and generally accepted that the dyes are adsorbed on 
the silver halide in some way, but the exact mode of action of these 
small traces of dye, which in some cases is only several parts of dye 
per million of silver halide, is still unsolved. 

The relation of chemical structure to sensitization is very interest- 
ing. Examination of the chemical structures of the sensitizing dyes 
shows a common feature in all the classes of dyes which are actual 
sensitizers. There is a conjugated chain containing an odd number 
of carbon atoms linking a quaternary nitrogen and a ternary nitrogen 
in the basic series, and a ketonic oxygen linking a hydroxy-oxygen 
in the acid series, e.g., 

10 Konig, W., J. prakt. Chem. (2), 86 (1912), 173. 

11 Ber., 67 (1934), 1274. 
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Basic cyanine type (n = 0, I, 2, 3, 4, etc.) 
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Various substitutions can be made in the chain and nuclei within 
certain limitations, but the effect of these substitutions is to change 
the spectral range of sensitization, and to change to some extent the 
speed of the emulsions in which the dye is incorporated. 

The number of dyes which are wholly satisfactory for sensitizing 
is surprisingly few, when we consider the large number of dyes 
which can actually be prepared. 

It is impossible to include here the range of sensitivity by general 
classes, because of the influence of various substituents both in the 
nuclei and the chain. This is especially true in the unsymmetrical 
cyanines of all classes and series. Of the cyanines in use ten years 
ago, very few are in actual use today. Erythrosine which is still in 
use today, sensitizes from 380 to 580 millimicrons, but with a gap 
in the blue green. In practice, it may be mixed with thiacyanines 
or oxacyanines to level off this gap. This practice applies for other 
spectral ranges using other dyes. 

The progress in the development of the cyanines has been phe- 
nomenal. Those who have contributed most to this work have been 
comparatively few in number, but their work can be classed among 
the classic researches in the field of chemistry. 

Preparing the Support.—The support, whether film, glass, or 
paper, must first be prepared to receive the emulsion. Glass is usually 


KozLorr AND PopoGoropETzKI—Mechanism of Adhesion of the Emulsion 
to the Film Support. Proc. Ninth Int. Congress of Phot., Paris, 


1935. 255. 


160 THE PHOTOGRAPHIC EMULSION 


coated first with a thin layer of gelatin hardened in chrome alum so as 
to obtain good adhesion between the emulsion and the support. This 
layer forms what is called a substratum coating. 

Hardened gelatin does not adhere well to film base; because of this 
and to obtain an efficient substratum coating, it is necessary to employ 
a mixture of gelatin and cellulose nitrate dissolved in a water-miscible, 
organic solvent such as acetone or ethyl acetate. When this mixture 
is spread in a thin layer over the film base, the water and the solvent 
evaporate, leaving a thin coating consisting of cellulose nitrate and 
gelatin. The first mentioned is held firmly by the film base, which also 
consists chiefly of cellulose nitrate, and this, in turn, holds the gelatin 
necessary for good adhesion between the film and the emulsion. 

Emulsion Coating Machinery.—Since late in the last century all 
commercial photo sensitive materials have been coated by machinery. 
Outside of the industry little is known of the machinery actually em- 
ployed and it is probable that there is little that is common in the 
design of the machinery used by different manufacturers. It may be 
useful, however, to notice briefly some of the basic principles employed 
in such machines.”” 

In machines designed for coating glass plates, the cleaned glass plates 
are placed on a moving belt which conducts them beneath the coating 
apparatus. This apparatus spreads a thin and uniform layer of the 
emulsion over plates. Several coating devices have been described in 
the literature. In one of the earliest machines the emulsion simply 
flows over the lips of a long, narrow trough onto the glass plate. The 
emulsion must, of course, be kept at a suitable temperature in order 
that it may flow readily. In another machine described by Cadett, 
the arrangement is very similar except that directly behind the trough 
from which the emulsion issues is a light-weight roller which acts as 
a spreader and smooths out the layer of emulsion on the plates. In 
still another machine, described by B. J. Edwards, the emulsion was 
contained in a long trough the width of the'glass to be coated. In this 
trough a glass cylinder is revolved. A scraper, or squeegee, on one side 

27 Machinery for the coating of photographic emulsion on glass, film and paper 
is supplied by August Kéebig in Dresden, by Dérstling of Dresden, and by R. W. 


Monro Limited of London, and T. H. Dixon and Company Limited of Letch- 
worth, England. 


Kirser—Emulsion Coating Device for the Laboratory. Phot. Ind., 30 
(1932), 627, 
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of the cylinder removes the emulsion carried around the cylinder and 
allows it to drain down onto the glass plate.?8 


ce en See 
Fic. 119. Diagram of Plate Coating Machine (From Baines, British Journal 


of Photography, 1930) 


After being coated with the emulsion, the plates are carried on a 
movable belt through a cold chamber or compartment in which the 


Fic. 120. Diagram Illustrating Principle of Trough and Doctor Roller Coating 
Machines (Baines, British Journal of Photography, 1930) 


emulsion is chilled and set to a gel. Upon reaching the end of the 
conveyor system, the plates are removed and dried under controlled 


conditions. 
28 Smith, Eder’s Jahrbuch, 1892, p. 385; Cadett, English Patent 9,886 of 1886, 
and 13,725 of 1887; Edwards, Photographic News, 1884, p. 541. 
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Film and paper coating machines differ in certain particulars from 
those employed for coating glass plates owing to the differences in the 
nature of the substance coated. The basic principles, however, are 
essentially the same. Both film and paper are usually coated in rolls 
from 36 to 54 inches in width and 1000 feet or more in length. The 
devices employed for applying the emulsion are somewhat different 
from those used on plate-coating machines since the film base is flexible 
and it is more difficult to obtain a uniform coating. After coating, the 
paper, or film, is carried over cooled drums, or in festoons through a 
compartment containing refrigerated air, which causes the gelatin to 
set toa gel. The coated film or paper is then carried automatically on 
festoons to a drying compartment where it is dried under controlled 
conditions. 

The Silver Bromide Grain of Photographic Emulsions——When 
examined under a high power microscope, the photographic emulsion 
is seen to consist of numerous semi-transparent and practically 
opaque grains of silver halide imbedded in gelatin. These grains of 
silver halide are definitely crystalline (Fig. 121) *® and of various 


Fic. 121. Crystals of Silver Halide of a Photographic Emulsion 


forms and sizes; the most constantly recurring forms being triangles 
and hexagons, some of which are irregular, while all have rounded 
corners, but occasionally a long rod-shaped crystal is observed. The 

29 The emulsion shown in Fig. 121 has been greatly diluted in order that the 
individual crystals may be more clearly seen. Ordinary emulsions as used for 


coating of plates and film consist of many layers of such grains and contain 
from 10 to 25 billion of such crystals to the square inch. 
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grains also vary in transparency, some being almost completely trans- 
parent while others are nearly opaque. Since the opaque grains be- 
have in exactly the same way as the transparent grains, there is no 
justification for assuming that they are different substances. In addi- 
tion to these there are ultra-microscopic grains which are beyond the 
limit of visibility with the highest power of the microscope. Recent 
investigation has shown that these are also crystalline and have sub- 
stantially the same structure as those of larger dimensions. There is 
no evidence for the existence of non-crystalline silver bromide in pho- 
tographic emulsions. 

The size of the silver halide grains in commercial emulsions ranges 
from the ultra-microscopic particles of less than one micron to grains 
as large as 3. or 4 microns. In positive emulsions the larger number 
of grains are either ultra-microscopic or very small, while in the case 
of highly sensitive negative emulsions, although a large number of 
ultra-microscopic grains are present, the majority of the grains are of 
microscopic size, while all are of course definitely crystalline. 

The Sensitivity of the Silver Halide Grain.—Microscopical in- 
vestigation has shown that in spite of the enormous number of grains 
of silver halide and their close proximity to one another, each indi- 
vidual grain affected by light acts as a single unit and there is no trans- 
ference of development from one grain to another, unless the two are 
grouped together in absolute contact; a state of affairs characteristic 
of some emulsions. It has also been found that a grain is either made 
developable by a certain amount of light or it is not developable. 
Thus, we do not get partial development for a certain exposure fol- 
lowed by more for a longer exposure but up to a certain amount of 
light action the grain is undevelopable and after that amount is reached 
it is rendered completely developable. The amount of light required 
to make a grain developable represents what is termed the sensitivity 
of the grain. 

Investigation of the number of grains made developable by a given 
exposure shows that all the grains are not equally sensitive; because 
under such conditions all the grains would become developable as soon 
as the exposure reached a certain value. Microscopical examination 
at high powers shows that the grains of silver halide differ widely in 
size and on counting the number of grains made developable in given 
size-classes, it is found that in one and the same emulsion the sensi- 
tivity increases with the size of the grain. This does not necessarily 
mean that all large grains are more sensitive than smaller ones, for 
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with different emulsions the reverse is often true, but if we keep to 
the same emulsion the larger grains are on the average more sensitive 
than the smaller. There are, however, differences in sensitivity among 
grains of the same size and shape in the same emulsion. Sensitivity is, 
therefore, not wholly a function of the size of grain, but is due to an 
inherent difference in the grain itself. 

Long ago Abegg and Eder suggested that in the process of digestion 
a trace of the silver halide is reduced to either a sub-halide, or to silver. 
These traces they referred to as “ ripening centers.” These served as 
centers for further reduction by light to form the latent image. The 
existence of specially sensitive spots in the grain of silver halide is now 
well established. Litppo-Cramer and Renwick supposed these spots, 
centers, nuclei, or specks, as they are variously termed, to consist of 
colloid silver. However, the work of Sheppard and his co-workers on 
the sensitizing substances in gelatin seems to prove beyond all doubt 
that the sensitivity centers are composed of silver sulfide, which is pro- 
duced as a result of a chain of reactions between the sensitizing sub- 
stance and the silver halide. 

These submicroscopic specks of silver sulfide are distributed at ran- 
dom in, or on the surface, of the grains. It is believed that they cause 
a strain in the crystal of silver halide creating around them a sphere of 
weakness in the crystal structure which increases the sensitivity of the 
grains. 

We will leave to a later chapter a discussion of the manner in which 
these sensitivity centers function in the formation of the latent image. 

Grain-Size Distribution and its Relation to the Photographic 
Properties of Emulsions.—Investigation having shown that the 
individual halide grain is the photochemical unit of the photographic 
plate, the properties of the emulsion representing simply the sum of 
the properties of the individual grains modified by their positions in 
layers, a study of the effect of grain-size distribution in emulsions and 
its relation to photographic properties is of great importance. For if 
emulsion sensitiveness is merely a matter of grain-size distribution the 
emulsion maker has only to provide the conditions favorable to the 
growth of crystals of the proper size in order to produce emulsions of 
the highest possible sensitiveness or having any other required prop- 
erties. On the other hand, should it be shown that photographic 
properties are not wholly, or only partially, controlled by grain-size 
distribution but by other factors as well, the line of investigation must 
naturally be directed along entirely different lines. 


THE PHOTOGRAPHIC EMULSION 165 


Before 1895 Haddon and Banks called attention to the probability of 
some relation between the size of grains and the sensitiveness of an 
emulsion and Mees in 1915 suggested that “inasmuch as emulsions 
are not homogeneous, but contain grains of all sizes, the sensitiveness 
of the emulsion will depend upon the distribution of the different sizes 
of grains, as will also the shape of the characteristic curve.” ®° Slade 
and Higson as the result of some investigations on the action of light 
on an emulsion containing grains of very nearly the same size and only 
one layer thick also concluded that the properties of the emulsion are 
determined mainly by the relation of the different sizes of grains to one 
- another and the quantity of each present.*t Svedberg found that for 
every class of grains of nearly the same size in the emulsion there is a 
distinct characteristic curve.” 

The matter was not fully investigated until Sheppard, Wightman 
and Trivelli attacked the problem by photomicrographing the grains 
of various emulsions at a magnification of 2000 times and then 
enlarging the negative five times, so that the actual magnification 
equalled 10,000 times. The developed grains of a given area were 
then measured and divided into classes according to size. The data 
secured in this manner may be represented graphically by plotting the 
number of grains of each class as ordinates against the sizes of the 
grains as abscissae. In Fig. 122 are shown photomicrographs of the 
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emulsion of a portrait film and a Standard slow lantern plate together 
with curves showing the size-frequency distribution of each. It will 
be observed that the grains of the positive emulsion are all compara- 
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tively small and uniform, the range being from about 0.2 to I micron. 
The high speed portrait film, on the contrary, shows an extended range 
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of sizes from about 0.2 micron to as high as 2.7 microns with a maxi- 
mum close to 0.5. 

A correlation of these facts and the Bhateeeepiie properties of 
emulsions is to be the subject of further investigation. The data 
which has been accumulated shows definitely that the relative speed of 
an emulsion increases rapidly with an increase in the average size, and 
range of size, of the grains contained in the emulsion. Several other 
interesting relations have been indicated in the course of the investi- 
gation and these points are now being investigated. At the present 
time all that can be definitely stated is that there is apparently a very 
close connection between grain size and size-frequency and the photo- 
graphic properties of emulsions. 


CHAPTER VI 
THE LATENT PHOTOGRAPHIC IMAGE 


The Visible Darkening of Silver Halides to Light.—All three of 
the halides of silver, the chlorine, bromide, and iodide, darken visibly 
on exposure to light. Scheele showed in 1777 that when silver chlo- 
ride darkens the halogen is liberated. As a result of the work of 
Schwarz and Gross,! and particularly of Hartung? using a specially 
sensitive micro-balance, it is now well established that in the case of all 
three halides, halogen is liberated when visible darkening takes place. 
The presence of substances which by absorbing halogen act as “ halogen 
acceptors” increases the degree of darkening and Hartung has shown 
that silver bromide im vacuo in the presence of a bromine acceptor can 
result in the loss of over go per cent of the bromine. The darkening 
im vacuo in the absence of a halogen acceptor is slight and impermanent. 

It was formerly believed that the result of the liberation of halogen 
was the formation of a sub-halide, that is, a halide containing less ha- 
logen than the normal. Attempts to prepare definite sub-halides of 
silver in the laboratory have met with conflicting success, and it ap- 
pears that the sub-halides of silver which were prepared by Von Bibra ® 
and Vogel,* for example, are compounds of finely divided silver and 
unaltered silver halide. The photosalts of Carey Lea were regarded 
as definite sub-halides by their discoverer but subsequent investigation 
has shown these to be absorption-compounds of colloid silver with 
silver halides. 

1Z. Anorg. Chem., 133 (1024), 380. 

2J. Chem, Soc., 125 (1924), 2108. 

8 J. fiir Prak. Chem., 2, 12-55. 

4 Phot. Mitt., 36, 334. 
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The work of Schwarz and Gross and that of Hartung has at last 
shown quite definitely that the products of the visible decomposition of 
the silver halides in light are metallic silver and halogen. 

The Latent Photographic Image.—When light is allowed to fall 
on a photographic plate, or upon silver halide precipitated from solu- 
tion, the silver bromide is altered in some unknown way because a re- 
ducing agent, or “ developer,” is able to darken the silver bromide ex- 
posed to light more rapidly than that which has not been exposed. We 
say that the light has produced a “latent image ” because it is invisible 
to the eye but susceptible of reduction to metallic silver by certain re- 
ducing agents. The nature of this latent image is still an unsolved 
problem, despite much speculation and an enormous amount of ex- 
perimental work. 

Before proceeding to discuss the theories of the latent photographic 
image, however, a brief survey of the methods of producing a latent 
image and the reactions of the developable image is necessary to pre- 
pare the way for a discussion of the various theories. 

Artificial Latent Images.—A developable photographic image 
may be produced without light by exposing the sensitive material to 
certain vapors or by bathing in solutions of certain substances. 

The vapors of many fats and volatile oils, as well as those of a num- 
ber of organic substances, render the silver halide developable. The 
action has been attributed to hydrogen peroxide which exhibits the same 
effect. 

The result obtained by bathing unexposed photographic materials in 
hydrogen peroxide and developing parallels the results obtained by ex- 
posure to light very closely. For example, the density produced upon 
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treating an emulsion with hydrogen peroxide increases with the time 
of treatment, assuming a solution of given concentration, or, for a 
given time of treatment, with the concentration of the solution pro- 
ducing, upon development, a curve similar in form to the well-known 
f-shaped characteristic curve produced by exposure to light. On pro- 
longed treatment with peroxide, the curve shows a definite reversal 
portion, as in the case of exposure to light. The curve obtained by 
bathing in hydrogen peroxide is also affected by development in the 
same way as the D log E curve. Plates most sensitive to light are also 
most sensitive to peroxide, and the larger grains in an emulsion are, 
on the average, more sensitive than the smaller ones to both light and 
peroxide. 

Similar results are obtainable with sodium arsenite. 

If a latent image produced by light is treated with a solution of hy- 
drogen peroxide whose concentration is lower than that producing a 
fog image, and then developed, the developability of the image is in- 
creased thus intensifying the latent image.® 

The reaction taking place is not clear nor has it been possible to put 
it to use practically as a means of reducing exposure. 

Development After Fixation—The latent image is not de- 
stroyed by fixing, and an exposed film may be developed after fixing, 
by employing a solution of acid silver nitrate, containing a reducing 
agent in which collodial silver will be precipitated. The reducing agent 
must be a developer in the usually accepted sense (metol, diaminophe- 
nol, etc.) ; other reducing agents, such as formaldehyde, which will 
form colloid silver do not develop a latent image.® 

Action of Oxidizing Agents on the Latent Image.—The latent 

5S, E. Sheppard and E. P. Wightman, J. Franklin Inst., 195 (1023), 337. 
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image is either reduced or entirely destroyed by oxidizing agents. 
Substances such as potassium cyanide, acid potassium permanganate, 
acid ammonium persulfate, chromic acid, when used with sulfuric acid 
or potassium bromide, and cupric, ferric and mercuric salts, when used 
with a halide, completely destroy the latent image. 

Destruction of the latent image by oxidizers, however, does not nec- 
essarily result in the destruction of the sensitivity of the unexposed 
emulsion. Chromic acid, for example, reduces the latent image much 
more than it does sensitivity and with ammonium persulphate the dif- 
ference is even greater. The reduction in the sensitivity of the un- 
exposed grains varies with the size of the grain, being greater for the 
large grains than the small. If the sensitivity centers of the grains 
consist of silver sulfide, as indicated by the work of Sheppard, and the 
latent image of colloidal silver, then it is evident that the difference can 
be explained as being due to the greater resistance of the latter to at- 
tack. Experiments by Clark on silver and silver sulfide solutions seem 
to indicate that this is the case.” 

Reversal.— With a short exposure, the latent image develops as 
a negative. If the exposure is greatly increased the image develops 
as a positive rather than a negative. Reversal is delayed by deriva- 
tives of hydrazine, phenylenediamine, sodium nitrite and certain other 
substances which absorb free halogen and is facilitated by solutions of 
sodium arsenite, peroxide, permanganate, persulfate and dichromate. 

In the reversal process with light it is probable that the function of 
prolonged exposure is to make the deposition centers inactive again. 
It is suggested by some that this could occur by some sort of “ retro- 
gressive ” action, the centers reverting to their original state; but actu- 
ally such a reversion seems to be thermodynamically impossible as long 
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as the light stimulus is acting. The more probable result of prolonged 
exposure is so to change the centers as to make them no longer able to 
function in development. How this occurs is not clear. In the case 
of arsenite, however, a very satisfactory explanation is found in as- 
suming that, on prolonged treatment, the arsenite peptizes the nuclei 
formed during the first stages of its action, and so makes them too 
small to function in development. This view is supported by experi- 
mental observation that sodium arsenite can peptize colloidal silver in 
gelatin, and also that it can destroy the latent image left after fixation 
of an exposed plate, so that it cannot be physically developed. 

It is seen then, that although latent image formation is similar in the 
case of arsenite and of light, the reversal process is probably quite 
different in the two cases. The presence of the latent image alone is 
a sufficient condition for reversal by arsenite, but for reversal by 
light, the silver halide itself must also be present. Hydrogen peroxide 
solution can also peptize colloidal silver and destroy the latent image, 
so that an explanation of reversal by peroxide solution similar to that 
advanced for arsenite is satisfactory. In the case of reversal by 
exposure to hydrogen peroxide vapor, however, it is more difficult to 
conceive that it is due to peptization. 

Photo-Regression—The gradual disappearance of the latent 
image after exposure is termed photo-regression. The latent image is 
remarkably permanent and instances are on record where plates and 
films have been successfully developed twenty years or more after 
exposure.® 

With developing out papers the latent image fades rapidly and is 
noticeably weaker on most papers the day after the exposure.® 

The disappearance of the latent image is greatly accelerated by heat 
and dampness. 

Theories of Latent Image Formation.—The reaction taking 
place when a silver halide is exposed to light and the nature of the 
latent, or developable, image has long been a source of speculation. 
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In some quarters it has been assumed that the latent image differs from 
the visible image only in degree and not in kind and that the result of 
exposure to light is to liberate halogen forming either a sub-halide of 
silver (i.e., one containing less halogen than the normal halide) or 
metallic silver. The sub-halide theory appears to have been sug- 
gested by Berthollet and was strongly supported for many years by 
some of the most eminent authorities.1? However, attempts to pre- 
pare silver sub-halides in the laboratory have met with contradictory 
and inconclusive results except in the case of the sub-fluoride which 
was isolated by Guntz and confirmed by Wohler. The silver sub- 
halide theory is now of historical interest only. 

The theory that the latent image consists of silver appears to be due 
to Guthrie (1850). He thought that the action of light resulted in 
the formation of small centers of metallic silver on which the image 
is built up by the deposition of silver from the developing solution. 
(It will be remembered that at this time acid developers containing 
silver were in general use.) The fact that the latent image is de- 
stroyed by nitric acid was advanced as being proof that it consisted 
of silver. However, it can be shown that other substances which at- 
tack finely divided silver are without effect on the latent image so 
the evidence is inconclusive. The silver theory has undergone con- 
siderable transformation in recent years and as the colloid silver the- 
ory is accepted in many quarters as the theory which is most nearly in 
accord with the known facts. 

According to the colloidal silver theory, a sensitive emulsion consists 
not simply of silver halide in gelatin but a trace of a highly unstable 
form of colloidal silver in solid solution formed as a result of reduction 
of some of the silver halide to silver in digestion with heat or ammonia. 
Renwick advanced the theory that the action of light is to coagulate 
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amicrons of colloid silver to form larger particles which serve as 
centers for development. 

Through the years there has been another school of thought which 
regards the energy required to make a photographic material develop- 
able as insufficient to produce any appreciable decomposition in the 
silver halide. Out of this objection to the view that the latent image 
involves a chemical change in the nature of the silver halide have 
grown certain “physical” theories. These involve the formation of 
an internal strain within the silver halide molecule which renders it 
unstable and therefore more readily reduced by developers (molecular 
strain theory), the breaking down of the silver halide crystal into 
smaller particles which are more readily attacked by the developer 
(disintegration theory) or the discharge of an electron, or electrons, 
leaving an unstable silver halide crystal (photo-electric theory). 

The X-ray analysis of crystals, however, leads to the conclusion that 
no chemical molecule in the sense of a specially combined atom pair 
exists, but rather a space lattice structure of silver ions and bromine 
ions held together by the electrostatic attractions of the oppositely 
charged ions, and under such conditions there is little basis for physical 
theories which involve a molecular strain. 

In recent years, it has become widely held that the action of light, 
in the formation of the latent image, causes the bromine ion in the 
silver halide to lose an electron, which is then accepted by a silver ion 
to form a metallic silver atom, so that the latent image consists of small 
centers of metallic silver on the surface of the silver halide grains. 
Direct, analytical, chemical proof of this hypothesis is of course diffi- 
cult owing to the infinitesimal quantities of silver involved; the only 
evidence in support of such a hypothesis is that afforded by the 
chemical reactions of the latent image. These, however, are incon- 
clusive. 
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Investigations by Toy of the photo-electric properties of the silver 
halides lend additional support to the hypothesis suggested. It has 
been known for a long time that the silver halides possess both photo- 
electric and photo-conductivity properties. By the former is meant 
the complete liberation of electrons from the salt under light action, 
and by the latter (sometimes called the internal photo-electric effect) 
the freeing of electrons internally, resulting in a change in conduc- 
tivity. Theories of the latent image based on the photo-electric effect 
were brought forward by Allen and by Audubert, but Toy has shown 
that the silver halides do not show the true photo-electric effect at 
wave-lengths greater than 280 mp while the photographic effect of 
light, of course, extends to much longer wave lengths than this, so that 
there is, apparently, little foundation for a photo-electric theory of 
photographic exposure. 

While the silver halides do not exhibit the true photo-electric effect 
under the conditions of ordinary exposure, there are so many striking 
similarities between the photo-conductivity effect with the silver halides 
and the photographic effect that one is inevitably led to the conclusion 
that both are due to the loosening of electrons from the halide ions. 

The photo-conductivity effect is produced with the silver halides by 
light of practically all wave lengths to which the same halide is light 
sensitive. Like the photographic effect, it is influenced but little by 
extremely low temperatures and can be produced with light of prac- 
tically the same intensity as is required to produce a developable 
effect. 

The photographic reaction can take place in an exceedingly short 


SHEPPARD—Primary Process in the Formation of the Latent Photographic 
Image. Nature, 123 (1929), 979-980. 

Toy—Mechanism of Formation of the Latent Photographic Image. Na- 
ture, 120 (1927), 441. 

Toy AND Harrison—Photo-Conductance Phenomena in the Silver Halides, 
and the Latent Photographic Image. Proc. Roy. Soc., A 127 (1930), 
613-628, 629-637. 

TRIVELLI—Tentative Hypothesis of the Latent Image. J. Franklin Inst., 
204 (1927), 649-662; 205, I1I—I22. 

TrivELLI—Mechanism of Formation of the Latent Photographic Image. 
Nature, 120 (1927), 728. 

Wess—Photographic Latent Image from Standpoint of Quantum Me- 
chanics Model of Crystals. J. Opt. Soc. Amer., 26 (1936), 367. 
Phot. J., 77 (1937), 142. 

WEIGERT—Micelle Theory of Photographic Latent Image. Proc, VIIIth 
Int. Congress of Phot., Dresden (1931), 43-53. 


176 THE LATENT PHOTOGRAPHIC IMAGE 


time, as is shown by the practical use of exposures of 1/1000 of a 
second and less. It has been shown by Toy that the photo-conductivity 
effect can be detected within 0.001 of a second after the illumination 
is applied and in all probability begins instantaneously with the illumi- 
nation. 

The Role of the Sensitizing Nuclei—Until the discovery of the 
~ sensitivity centers and the general realization of the essentially disperse 
nature of the photographic emulsion, all theories of the latent image 
were based upon the action of light on a homogeneous grain of silver 
halide. The discovery of sensitizing nuclei consisting of either silver 
sulfide, or silver sulfide and colloid silver, has added to the problem 
of the latent image that of sensitivity. There is no longer any doubt 
of the existence of these sensitizing nuclei and but little doubt that they 
are composed of silver sulfide, or possibly, silver sulfide and colloid 
silver. How the nuclei promote sensitivity is another question which 
is not so clear. 

First, it may be pointed out that the sensitizing nuclei cannot be 
regarded as centers of special sensitiveness, or the spectral sensitivity 
of an emulsion would be that of silver sulfide and not silver bromide, 
nor does it appear likely that they act as photocatalysts, accelerating 
the photochemical decomposition of the silver halide. If the sensi- 
tizing nuclei are not in themselves photosensitive, nor can they ac- 
celerate the photochemical decomposition of the silver halide, how 
then can their undeniable influence on the sensitivity of the grain be 
explained ? 

Photographic sensitivity implies developability, ic. a grain is not 
sensitive unless it can be converted into silver by a developer. Now 
in order that a grain may be developable it must have somewhere on, 
or near, its surface a particle of silver above a certain minimum size. 
Sheppard is of the opinion that the sensitizing nuclei sensitize for 
development rather than exposure. In other words, the effect of the 
nuclei is not to facilitate the decomposition of the silver halide, but to 
concentrate the photochemically reduced atoms of silver about them- 
selves so as to form a nucleus of metallic silver sufficiently large to 
render the grain developable. 

It is suggested that these sensitizing nuclei cause in their immediate 
neighborhood, depending upon their size, more or less strain in the 
silver halide crystal, resulting in changes in the positions of the elec- 
trically charged atoms, or ions, of silver and bromine in the crystal, 
thus creating spheres of weakness which serve to concentrate the 
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photo-effect around the sensitizing center. According to this theory, 
the sensitivity centers do not play an active part in exposure. Their 
role is regarded as being purely passive and a result of the deformation 
produced by their presence in the structure of the silver halide grain. 

A chemical viewpoint of the action of the sensitizing nuclei has been 
suggested by Hickman. According to this hypothesis the silver sul- 
fide nuclei serve as an absorber of the bromine set free by the action 
of light on the silver halide of the grain surrounding it. This bromine 
attacks the silver sulfide resulting in the formation of free silver so 
that the total amount of silver produced is considerably greater than 
would be formed simply by the action of light on the silver halide. 
While it may not be impossible for such a reaction to take place under 
the conditions which probably exist in the silver halide grain, in no 
investigation of the interaction of silver sulfide and bromine in the 
laboratory has the formation of silver been observed. 

Still another hypothesis of the action of the sensitivity centers has 
been tentatively advanced by Trivelli. As the silver halides have been 
shown to be photoconductive, and there is some basis for the assump- 
tion that in the silver halide grain there may exist a certain amount of 
finely divided silver as well as silver sulfide, Trivelli suggests that 
when light falls on the grain, the greater photoconductivity of the 
sensitivity nuclei as compared with the halide produces a difference in 
electrical potential which results in the electrolytic deposition of silver 
in contact with the sensitivity center and thus assists in building up a 
particle of silver sufficiently large to render the grain developable. 

Useful as these various pictures of the mechanism of the sensitivity 
nuclei may be as working hypothesis, much experimental work will 
have to be done before the true facts are established.™* 

11 Sheppard, The Theory of Photographic Processes and Methods, Chapter 3. 


Photography as a Scientific Implement, D. Van Nostrand Co., N. Y., 1923. 
Liippo-Cramer, “History of Latent Image Theories,” Zeit. Wiss. Phot. 13 


(1924), 91; (1925), 122, 216. 


CHAPTER VII 


PHOTOGRAPHIC SENSITOMETRY 


Definition and Scope of Sensitometry.—One of the primary con- 
cerns of sensitometry is the measurement of sensitivity. However, 
an adequate measure of sensitivity cannot be obtained without ref- 
erence to the other characteristics of a photographic material, hence 
sensitometry is more completely defined as the quantitative measure- 
ment of the response of photographic material to radiant energy. 

Moreover, as the effect of exposure becomes apparent only after 
development, quantitative determinations of sensitivity must involve 
the measurement of development and its effect on sensitivity. 

While formerly of interest only to the manufacturers of photo- 
graphic materials and those engaged in research, sensitometric methods 
are now widely employed in the processing of photographic materials, 
particularly in the motion picture industry, and as time goes on there 
is little doubt that sensitometric methods will be used more and more 
in practical photography. 

Sensitometric investigations provide a means of determining and 
expressing quantitatively : 


1. The speed, or sensitivity, of a photographic material. 

2. The degree of development secured under given conditions of de- 
velopment. 

. The time of development for a given degree of development. 

. The latitude, or exposure range, of a material. 

. Conditions governing the reproduction of tone in the photographic 
process. 

. Means of expressing relative contrast and the maximum contrast 


attainable with a given film or plate and conditions of develop- 
ment. 


tr SS 6 


Oo 


Reciprocity Effect—Measurements of the response of a photo- 
graphic material to light, or other forms of photochemically active 
radiation, are based fundamentally on the density (or amount of 
metallic silver) produced under given conditions of development, by 


178 
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an exposure which is measured in terms of the illumination acting on 
the sensitive material multiplied by the time which it is allowed to act. 

Bunsen and Roscoe, as a result of their investigations on the dark- 
- ening of silver chloride papers, established what is called the reciprocity 
law, according to which the photochemical effect (or blackening pro- 
duced) is the product of time and intensity ; time being a reciprocal of 
intensity, or vice versa. It was shown by Abney, however, that the 
photographic plate does not exactly obey the reciprocity law and that 
the effect produced by a given exposure depends upon the actual values 
of intensity and time and not simply on their product. 

Following a series of investigations on the relation of time and 
intensity in photographic exposure, Schwarzschild suggested that the 
relation might be written as 

| es 


where E stands for the effective exposure, or photographic effect: J 
and ¢ for intensity and time, and pf a constant which Schwarzschild 
thought to be independent of the actual light intensities and of the 
sensitive material. 

Later work has shown that for each plate there is an optimum in- 
tensity of light which produces the greatest developable effect. The 
value of this optimum intensity depends chiefly on the speed of the 
plate or film. In the region of the optimum intensity, the reciprocity 
law is approximately followed ; only at lower intensities does Schwarz- 
child’s rule hold. It has also been shown that the maximum density 
developable for a given exposure depends upon the intensity of light 
acting, decreasing as this becomes less. Lastly, the magnitude of the 
reciprocity failure increases greatly as the emulsion speed, or sensi- 
tivity of the emulsion, decreases and is apparently greater with color- 
sensitive than with non-color-sensitive materials. 

Closely connected with the failure of the reciprocity law is the “ in- 
termittency effect,” discovered by Abney, who found that the photo- 
graphic effect of an intermittent exposure is not equal to a continuous 


Jones anp Husr—On the Relation between Time and Intensity in Photo- 
graphic Exposure. J. Opt. Soc. Amer., 7 (1923), I1I5. 

Jones, Hust anp Hart—Relation between Time and Intensity in Photo- 
graphic Exposure. J. Opt. Soc. Amer., 12 (1926), 321-348. 

Jones AND Wexss—Reciprocity Law Failure in Photographic Exposures. 
J. Soc. Mot. Pict. Eng., 23 (1934), 142-159. 

Tov—Relation between Time and Intensity in Photographic Exposure. 
Brit. J. Phot., 73 (1926), 704. 
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exposure for the same time but differs by an amount which depends 
upon the degree of intermittency and the speed of the sensitive 
material.* 

Recently it has been found that an intermittent exposure produces 
the same result as a continuous exposure of the same duration if the 
degrere of intermittency is above a certain critical level which varies 
with the intensity level.’ 

Exposure of the Material for Sensitometric Purposes.—lf the 
response of a material to light or other forms of radiant energy is to 
be determined quantitatively, it is obviously necessary to provide (1) 
a means of producing a series of accurately known exposures and (2) 
development under measurable and standardized conditions. 

The exposure of the material involves (1) the establishment of a 
standard light source of known intensity and spectral composition and 
(2) a means of producing a series of known exposures on the photo- 
graphic material. 

Light Sources—Candles, and lamps burning liquid pentane, 
amyl-acetate and acetylene have been employed as standards, but stand- 
ardized incandescent electric lamps are used almost exclusively at the 
present time. It is necessary to calibrate such lamps accurately for 
luminous intensity and spectral distribution (color temperature) in a 
testing laboratory. Inasmuch as both of these factors depend upon 
the temperature of the filament, which in turn depends on the current 
flowing through the lamp, it is necessary to control with a high degree 
of precision the electric supply from which the lamp is operated in 
order to maintain a suitable standard. 

The spectral distribution of energy in the radiation emitted by in- 

1 Abney, Treatise on Photography, p. 301. 


2 Webb, “The Relationship Between Reciprocity Law Failure and the Inter- 
mittency Effect in Photographic Exposure,” J. Opt. Soc. Amer., 23, 157 (1933). 


Davis AND Grisson—Artificial Sunlight for Photographic Sensitometry. 
Proc. Seventh Int. Congress of Phot., London. 1928. 
Davis AND NEELAND—Variation of Photographic Sensitivity with Different 
Light Sources. Bur. Standards J. Research, 7 (1931), 843-850. 
Davis AND NEELAND—Variation of Photographic Sensitivity with Different 
Light Sources. J. Soc. Mot. Pict. Eng., 18 (1932), 732. 

MrEES AND SHEPPARD—Investigations on Standard Light Sources. Phot. 
J., 50 (1910), 287; Brit. J. Phot., 57 (1910), 627. 

Wa.tsu—Standards of Light for Photographic Sensitometry. Phot. J., 
65 (1925), 52. 
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candescent electric lamps of the type suitable for use as standards is 
quite different from that of sunlight. Since the radiation from an 
incandescent standard lamp is relatively richer in the long-wave region, 
a blue-violet filter is required to secure radiation approximating that of 
noon sunlight. To attain a color temperature of 5400° K., the figure 
adopted as a standard for noon sunlight, with the highest precision, a 
liquid filter is required; however, for practical purposes dyed gelatin 
filters such as the Wratten No. 79, 78 or 78-AA are quite satisfactory. 

Sensitometers.—Since exposure is defined as the product of the 
illumination on the photographic material (in candle meters) and the 
time (in seconds), or; 


E=1X t, 


a series of exposures may be produced by varying either factor while 
keeping the other constant. A series of exposures produced by vari- 
ation of the intensity acting on different portions of the photographic 
material is termed an intensity scale; a scale produced by varying the 
time of exposure is termed a time scale. 

An intensity scale may be produced in a number of ways? but the 
only method in general use consists in reducing the illumination on the 
different portions of the film, or plate, through the interposition of 
screens of known absorbing power. Such screens following the sug- 
gestion of Goldberg* are made of pigmented gelatin or are photo- 


Fic. 123. Intensity Scale Sensitometer. Left to right, light source, sliding 
shutter filter, intensity scale and film. (Baines, British Journal of Photography, 


1932.) 
graphic copies of such screens and are of two types: (1) the so-called 


“ optical wedge,” in which the light absorption increases continuously, 
and (2) “step tablets,” in which the increase is discontinuous. 


3 Jones, Photographic Sensitometry. 
4 Goldberg, Brit. J. Phot., 57 (1910), 642, 648, 
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Since in practical photography, differences in exposure are the result 
of variations in the reflecting power of different parts of the subject, 
it is evident that an intensity scale approaches the conditions of prac- 
tice more closely than does a time-scale. However, no simple, satis- 
factory means of producing intensity scales is known and the absorbing 
tablets used for this purpose are not sufficiently reproducible, per- 
manent and free from selective absorption for sensitometric work of 
the highest precision. So far as permanency and freedom from 
selective absorption are concerned, photographic tablets appear the 
most satisfactory. 


—_—_—_—____ > 
Fic. 124. Exposure Plate of Sensitometer 


Fic, 125. Sector Wheel of the H. and D. Sensitometer 


Time-Scales.—Time scales are produced by interposing between 
the light source and the photographic material a continuously moving 
opaque plate with a series of slits whose lengths vary in accordance 
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with the exposures desired. The shutter may be rectangular with 
longitudinal slits moving in a straight line (Fig. 124) or angular open- 
ings in a circular disk (Fig. 125) which is rotated in front of the 
sensitive material. In Fig. 125 the shutter contains 9 apertures whose 
lengths increase logarithmically by consecutive powers of two. Thus 
the relative exposure for each aperture from the shortest to the longest 
is 


IA DenbULG uae saat es I 2 2 4 5 6 7 8 9 
Relative exposure........ I 2 4 8 16 32 64 128 256 


In some cases, a series of exposures with a lower order of progres- 
sion is desirable and this has led to the adoption in many sensitometers 
of a scale of exposures increasing as the power of the \/2 or, 


I 1.41 2 2.82 4 5.64 8 etc. 


It is obvious that if a disk of the type shown in Fig. 125 is rotated 
an exposure time greater than that required for one revolution of the 
disk results in an intermittent exposure. In other words the total 
time of exposure for each aperture is the sum of the exposures pro- 
duced with each revolution of the disk. The photographic effect of a 
series of intermittent exposures, however, is not the same as a con- 
tinuous exposure of the same duration but varies with the length of 
exposure, the number of separate exposures, and the photographic 
material. 

The errors resulting from an intermittent exposure may be avoided 
by rotating the disk more slowly so that the necessary exposures are 
obtained with a single revolution. If the time required for one revo- 
lution of the disk is relatively long a clutch may be used to engage the 
driving mechanism which rotates the disk at a constant speed through- 
out one revolution, at the completion of which the clutch is auto- 
matically disengaged and the disk is brought to a stop. This procedure 


Davis—Experimental Study of the Relation between Intermittent and 
Non-Intermittent Sector-Wheel Photographic Exposures. Bull. Bur. 
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is impractical if the time for one revolution is short, as it is difficult 
at a high speed to stop and start the disk, or to rotate it at a uniform 
speed. In this case, the disk is rotated continuously at the required 
speed and an electrically operated shutter is provided which is so 
controlled that it remains open for only one revolution of the disk. 

No useful purpose would be served by a lengthy description of the 
different sensitometers based upon these general principles; instead, 
reference will be made to only one, the Eastman Sensitometer II-b, 
which is one of the best known and most widely used. 


Fic. 126. Cross Section of the Eastman Sensitometer, Type IIb 


The instrument is shown in detail in Fig. 126 which is a partial 
vertical section through the optical axis of the instrument. 

L represents the standard lamp which is the source of illumination. 
A selectively absorbing filter F is placed in the path of the light coming 
from the lamp in order to modify its spectral composition to the de- 
sired quality. A plane mirror M reflects the light at right angles, 
thus illuminating the exposure plane EP in which the photographic 
material is placed. The rotating cylindrical shutter or drum D, having 
21 exposure slots increasing in length by logarithmic steps from the 
shortest to the longest, controls the time factor of the exposure inci- 
dent upon the adjacent steps of the exposure scale. The exposure 
plane is equipped with suitable guides so that two strips of 35 mm. 
motion picture film may be placed in position and exposed simultane- 
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ously. A platen PL, when pulled down, serves to hold these strips 
accurately in the exposure plane during exposure. 

The drum is driven at a constant angular velocity by a synchronous 
motor SM. Through a reduction gear G, the motor turns the drum 
at 12 r.p.m. when operating on a 60 cycle line, or at 10 r.p.m., on a 
50 cycle line. 

When the machine is started by throwing the master switch MS, 
the drum revolves continuously. Exposures are made by means of the 
shutter S, operated by a one-turn mechanism. Upon pressure of the 
release button B, this shutter opens while the photographic material is 
protected from the exposing radiation by the opaque portion of the 
drum, and closes as soon as the slots in the drum have passed the 
exposing plane. 

Developers and Development.—Since the effect of exposure be- 
comes apparent only after development, it is evident that the response 
of a photographic material is in part dependent upon the conditions of 
development which must be standardized if accurate and reproducible 
results are to be obtained. In establishing standards for developers 
and conditions of development, consideration will naturally be given 
to the purpose for which the work is done. Since it is well known 
that many of the characteristics of an emulsion are profoundly modified 
by the constitution of the developer,® it is evident that if the work is 
done to supply information on the characteristics of material for prac- 
tical purposes, the standards adopted must be those of practical pho- 
tography; on the other hand if the object is to study the inherent 
differences in emulsions, to enable the manufacturer to maintain a 


5 Clark, Phot. Jl., 65 (1025), 76. 
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uniform product, or for the purpose of establishing a national or in- 
ternational standard of reproducibility ; color of image, freedom from 
fog, sensitivity to changes in bromide and similar considerations alone 
need to be taken into account and these may result in the adoption of 
a developer and conditions of development quite different from those 
of practical photography. 

The developer characteristics desirable in a standard developer for 
sensitometric work are: 


1. The deposit should be neutral ; ie., non-selective absorbing. 

2. Freedom from fog in the absence of an alkaline bromide or other 
restrainer. 

3. Energy sufficiently high to produce good density, contrast, and 
speed. 

4. Relative insensitivity to an alkaline bromide so that the results will 
not be affected appreciably by the presence of free bromide in 
the emulsion. 

5. Reproducibility: i.e., freedom from unordered variations in the 
purity of the substances employed and conditions affecting the 
activity of the solution. 


The Seventh International Congress of Photography recommended 
the following paramidophenol formula: ° 


p-aminophenol hydrochloride..........--------- 7.25 g. 
Sodnuimesulfites(ankis) stm rae cts a ioc we Sere 50. 6g: 
Soditumicanbonate (anbi)..c. 0. cme ei sas eee 50. g. 


Water to make 


because of the grey (non-selective absorption) deposit, freedom from 
fog and its relative insensitivity to alkaline bromide so that the results 
are not materially affected by the presence of free bromide in the 
emulsion. 

In the development of material for sensitometric purposes, efficient 
agitation of the developer is highly important in order that the devel- 
oper-reaction products may be removed from the immediate vicinity 
of the film and distributed in the solution to prevent non-uniform 
development. 

The methods developed to attain this end involve: 


6 Sheppard & Trivelli, Proc. Seventh Int. Cong. of Phot. (1928), p. 174. 
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1. In tanks: 

a. Mechanical rotation of the exposures in the developing solu- 
tion. It is difficult in this case to prevent directional 
development. 

b. Mechanical stirring of the developer. The difficulty with 
this procedure is to insure that all parts of the solution 
will receive the same agitation. 

c. Plungers moving up and down near the surface of the film 
to create a rapid and highly uniform distribution of the 
developer over the surface of the film. 

2. In trays: 

a. Hand rocking. This is fairly satisfactory if vigorous and 
irregular. 

b. Mechanical rocking. Generally unsatisfactory as the action 
is too regular. 

c. Roller charged with developer. ‘The objection to this method 
is the rapid oxidation of the developer. 

d. Brushing the surface of the film with a soft camel’s hair 
brush. This is probably the best so far as uniformity in 
development is concerned.” 


The temperature of the developing solution affects not only the rate 
of development but to a certain extent the speed and possibly other 
characteristics of the emulsion. The effect is more marked with some 
developers than others but necessitates in any case the use of a water- 
jacket, the temperature of which is maintained by means of a thermo- 
stat which should be accurate to 0.1° C. 

Following development the sensitometer exposures are rinsed in a 
stop bath of dilute acetic acid to prevent further development and then 
transferred to the fixing bath. No special precautions are necessary 
in fixing or washing, but as the density of a photographic deposit de- 
pends in part upon the rate at which it is dried, the strips are usually 
dried in a drying cabinet at a constant relative humidity or by means 
of alcohol. Alcohol, however, cannot be used for drying acetate film 
with safety because the base is attacked, nor should a solution contain- 
ing more than 8o per cent industrial alcohol be used or the gelatin may 
be rendered milky. 

The Measurement of Density.—After exposure and develop- 
ment, the next step is to determine the response of the sensitive ma- 


7 General summary of developing methods: Clark, Phot. Jl., 65 (1925), 76; 
Crabtree, J. Soc. Motion Pict. Eng., 25 (1935), 512. 
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terial to the different exposures. When a photographic material is 
exposed to light, or other form of radiant energy, some of the grains 
of silver halide are rendered developable, and upon development these 
are reduced to metallic silver. It is evident, therefore, that the amount 
of silver produced by a given exposure and conditions of development 
is a measure of the response of the sensitive material. It is also ob- 
vious that ordinary analytical methods of analysis would not only be 
inconvenient but subject to large errors on account of the relatively 
small quantities of metallic silver involved. Furthermore, such deter- 
minations would not provide any real information on the optical 
properties of the developed image. The relationship existing between 
the amount of the photo-chemical product (silver) produced by a given 
exposure under fixed conditions of development and its light-absorbing 
and transmitting properties was first expressed quantitatively by 
Hurter and Driffield.® 

They defined as the opacity of the deposit, the ratio of the incident 
to the emerging light; as transparency, the reciprocal of this, or the 
fraction of the incident light transmitted ; and as density the logarithm 
of the opacity, or the negative logarithm of the transparency. Thus 
in the case of a silver deposit transmitting one-half of the incident 
light, the transparency is %, the opacity 2 and density the common 
logarithm of this or 0.3. 

Density, as thus defined is proportional to the mass of silver per 
unit area, or D pm, where D is the density, m the mass of silver and 
p a constant termed the photometric constant. 

The value of this constant varies to some extent with the developer 
and conditions of development.® 

Densitometers.—Photometers designed particularly for the 
measurement of photographic densities are termed densitometers. 
They may be divided into two classes according to whether they 
measure the density directly or by comparison with a known density. 
All densitometers are alike in that they provide means for reducing 
the intensity of a standard light in a known manner, to match with a 
similar beam of light which has passed through the density to be 
measured. 

The intensity of the comparison light may be reduced in a known 
manner by several methods, as for instance (1) by varying the distance 

8 Hurter & Driffield, J. Soc. Chem, Ind. 


9 Medinger, Z. physik. Chem., 114 (1924), p. 89; Sheppard & Ballard, J. Frank. 
Inst., 205 (1928), 659; Phot. Jl., 66 (1926), 470. 
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of the light, (2) by the use of adjustable rotating sectors, (3) by 
polarization and (4) by the use of absorbing material such as the 
optical wedges mentioned previously (page 181). 

The densitometer employed by Hurter and Driffield in their classical 
investigations was an instrument of the first class; the well-known 
bench photometer is based on the law of inverse squares, in which two 
beams are brought together for comparison on a grease spot. Den- 
sitometers with rotating sectors were used by Abney and more re- 
cently by Jones. The most widely used instruments, however, have 
been those employing polarization, and of these the most popular are 
the Hufner and the Martens. 


The construction of the Martens densitometer is shown in Fig. 127. 
One of the beams of light from an electric lamp placed at M proceeds, 
as shown by the arrow, to the totally reflecting prism qg, whence it is 
reflected through the negative p and is rendered convergent by the lens 
I passing through the aperture 7 into the actual photometer head. It 
then passes through the Wollaston prism W,, and the bi-prism Z, then 
through the Nicol N and through the converging lenses h and k to the 
eye placed at D. The other beam proceeds to the total reflecting prism 
p, thence through the Wollaston prism, the bi-prism, the Nicol, and 
reaches the eye at D. Thus there is produced at D two contiguous 


Davies AND OwEN—A Visual Photometer for the Measurements of Trans- 
mission and Reflection Densities. Phot. J., 75 (1935), 128. 
Davirs—Electrical Measurements of Reflection Density. Phot. J., 72 


(1932), 57, 118. 
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fields, one formed by the beam of light which has passed through the 
density ; the other, the comparison beam. The intensity of the latter 
can be reduced by the rotation of the Nicol N and the densities deter- 
mined from the angle of rotation required to produce equality in the 
two fields. 


Fic. 128. Eastman Densitometer, Fic. 129 
Open to Show Construction Scatter of 
Light in Pho- 
tographic Den- 
sity. 


Densitometers of class 4 employing calibrated optical wedges are 
more properly termed density comparators, for their measurement of 
density consists simply in comparing it with a known density. A 
number of densitometers of this type are available commercially ; 1° 
the best known in this country is the Eastman Densitometer (Fig. 128). 

10 The Sanger-Shepherd Density Meter, manufactured by the E. S. S. Color 
Filter Co., London; The Densitometer Filmograph, made by the Etablishments 


Filmograph, Montrouge, France; Hilger Densitometer, Adam Hilger; Goldberg 
Densograph, Schmidt and Haenisch, Munich. 


I'ERcuson—The Ferguson Density Meter No. V. Phot. J., 64 (1924), 30; 
Brit./J.. Phot... 7&-(1924),, 20. 
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Optical Characteristics of the Photographic Image.—Certain 
factors affecting density values as determined by densitometric meas- 
urement will now be considered. 

In the first place, it may be noted that the photographic image con- 
sists of grains of metallic silver imbedded in gelatin. These not only 
absorb light but scatter a portion of that which is transmitted. There- 
fore, if the deposit is illuminated by specular (parallel) light (Fig. 
129), the amount of light transmitted, and therefore the density as 
determined by densitometric measurements, will depend upon whether 
this scattered light is included in the measurement of the density or 
only the direct, undeviated light. The value of density as obtained 
with parallel light is termed D parallel or (D||) and that obtained 
when the scattered light is included is termed D diffuse, or (D%). 
The difference in the two values depends on the optical means employed 
in measuring the two densities and the light-scattering properties of 
the image, which in turn depends upon the emulsion and the manner 
of processing. 

In contact printing, both the scattered and undeviated light reach 
the positive material; hence the effective density for contact printing 
is approximately equivalent to the diffuse density (D¥). In pro- 
jection printing, the lens is at some distance from the image and for 
this reason cannot collect and transmit all of the scattered light. It is 
evident, therefore, that in projection the effective density lies between 
D|| and D¥. While in general, it is closer to the latter than the 
former, for practical purposes it is usually sufficient to determine the 
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diffuse density by the use of a diffused source of illumination secured 
by placing the density to be measured in contact with opal glass. 

If the silver deposit is free from selective absorption, the density 
values as measured visually are approximately equal to the effective 
printing density. This is generally true in the case of images de- 
veloped in metol-hydroquinone, metol, paraminophenol or diamino- 
phenol. In the case of pyro and other developing agents producing a 
stain image, the effective printing density is greater than the value 
obtained by visual measurement because of the difference in the spectral 
sensitivity of the eye and that of positive printing materials. 

Since an unexposed portion of a sensitometric strip has a measurable 
density, termed the fog density, it is obvious that a certain fraction 
of each density is due to fog. The density due to fog, however, is not 
the same in the exposed steps as in the unexposed portion of the sen- 
sitometric strip. The relation between the fog density and the total 
density is a complicated one, but in general it may be said that as the 
total density increases, the fog density becomes less and less. This is 
due to the fact that the by-products released in the development of the 
exposed silver halide restrain the development of fog. Hence, in the 
higher densities the development of fog is restrained to a greater degree 
than in the lower. 

It is the density due to the exposure, and not the total density, which 
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is the true measure of the response of the sensitive material ; obviously 
then the measured densities should be corrected for fog. 

However, since the fog density is not the same for all densities, the 
necessary correction cannot be made by subtracting from each of a 
series of densities a uniform fog value as obtained from an unexposed 
portion of the strip. Despite the rather complex formulas devised for 
correcting measured densities for fog," it is usually sufficient to 
employ densities as measured, neglecting any addition due to fog if 
the fog value is reasonably low. 

The Density-Exposure Relation—The relation between expo- 
sure and the response of the material, as shown by the density pro- 
duced under given conditions of development, is usually presented in 
the form of a curve in which density is plotted against the logarithm 
of the exposure. Such a curve is shown in Fig. 130. As this method 
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Fic. 130. The D-log E Curve 


of expressing sensitometric data was developed by Hurter and Driffield, 
it is frequently referred to as the H & D curve; it is also termed the 
characteristic curve, or the D-log E curve. For the greater part of its 
length this curve is a straight line. Throughout this range of ex- 
posures, density is proportional to the logarithm of the exposure. In 
other words, for each increase in exposure there is a regular and 
uniform increase in density. (See Fig. 131.) 

As density is the logarithm of the opacity, it is evident that the 
opacity is proportional to the exposure within the straight-line portion 
of the curve. This then is the region of correct exposure, for within 


11 Medinger, Z. physik. Chem., 114 (1924), 89; Wilsey, Phot. Jl., 65 (1925), 
454. 
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this exposure range, the opacities of a negative are proportional to the 
exposures produced by the corresponding brightnesses of the subject. 
The lower portion of the curve is concave to the exposure axis ; thus 
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Fic. 131. Step Chart Illustrating Relation of Density and Exposure in the Three 
Portions of the D-log E Curve 


within this exposure range there is no fixed relationship between den- 
sity and log exposure but instead the increase in density for a given 
exposure difference increases with the exposure. (See Fig. 131.) 
This is the period of underex posure. 
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The upper portion of the curve is convex to the exposure axis. In 
this portion also there is no fixed relationship between density and log 
exposure, but the increase in density for a given exposure difference 
decreases steadily as the exposure is increased, finally becoming zero. 
Beyond this point, increased exposure results in less density so that 
the result is a positive instead of a negative. This period of reversal 
is reached only with greatly increased exposure and so far as the vast 
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majority of photographic materials is concerned is only of theoretical 
interest. 

Effect of Development on the Density-Differences (Gamma).— 
Under given conditions of development increasing the time of de- 
velopment increases proportionally each density on the straight-line 
portion of the D log E curve (Fig. 132) ; therefore, while the density 
ratios remain unchanged, the density differences are increased. As 
the density differences increase, the gradient, or slope, of the straight- 
line portion, and consequently the angle between it and the log ex- 
posure axis, increases also. The tangent of this angle being a measure 
of the density differences, is therefore a measure of the degree of 
development. It was termed by Hurter and Driffield the development 
factor and designated by the Greek letter y (gamma). Today it is 
usually refered to simply as gamma. 

Gamma is thus the ratio of the difference between any two densities 
on the straight-line portion of the D log E curve and the difference in 
the logarithms of the corresponding exposures, or 
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When gamma is equal to 1, the density differences are proportional 
to the differences in the logarithms of the exposures which lie within 
the straight-line portion of the D log E curve. Ina camera exposure 
these exposures are the direct result of differences in brightness; hence 
with development to a gamma of 1 the differences in density are pro- 
portional to the logarithm of the brightnesses of the corresponding 
parts of the subject. As density is the logarithm of the opacity, it 
follows that the ratio of the opacities is the same as that of the bright- 
nesses which they represent. Development to a gamma of less than 
one results in the opacity differences being less than the brightness 
differences of the subject, while with development to a gamma greater 
than one, the opacity differences are also greater. 

The opacity differences determine the contrast of the negative, 
therefore, gamma is proportional to contrast if both the maximum and 
minimum densities of the negative are within the straight-line portion 
of the curve. If, however, some portions of the subject are repre- 
sented by densities outside the straight-line portion of the curve, then 
the contrast of the negative is not expressed by gamma. 
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Calculation of Gamma.—To determine the value of gamma from 
the D log E curve using the formula 
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erect two perpendiculars from the exposure axis to the points of inter- 
section with the straight-line portion of the curve. Determine the 
densities at the points of intersection and substitute the density and 
log exposure values in the equation. 
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Fic. 133. Calculation of Gamma by the H. and D. Method 


If, in Fig. 133, a line is drawn from the exposure axis at a log E 
value of 3.0 parallel to the straight line portion of the D log E curve, 
the angles of both with the exposure axis will obviously be equal since 
the lines are parallel. The tangents of the two angles are likewise equal 
and both are equal to gamma. Now, in the right angle triangle formed 
by the constructed line, the tangent of the angle is eaual to the altitude 
divided by the base. The base, however, is equal to 1.0, since the 
difference in log units is 1.0. Consequently, if the right hand side of 
the chart is marked with a scale corresponding to the density scale on 
the left side, the point of intersection of the constructed line and the 
scale is equal to gamma. 

In practice, gamma is usually determined by means of a transparent 
scale known as a gammeter. (Fig. 134.) If the arrow on the left 
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side of the base line is placed on a point along the straight line portion 
of the D log E curve, with the base of the gammeter parallel to the 
log E axis, the point of intersection of the straight-line portion of the 
curve and the scale indicates the gamma. 
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Fic. 134. One Form of Gammeter 


The Time-Gamma Curve.—The relation between the time of 
development and gamma for a given photographic material, developer, 
and conditions of development can be determined by developing a 
number of sensitometer exposures for different times, determining the 


Renwick—An Instrument for the Measurement of Gamma. Phot. J., 54 
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value of gamma for each time of development and plotting gamma 
against the time of development. 
In Fig. 135, for example, are five D log E curves for a well-known 


Sin aenlag! 
RRDODONEORDE 


Loc E 


Fic. 135. H. and D. Curves Showing the Variation with the 
Time of Development 


film developed 2, 4, 6, 8 and 10 minutes. Plotting gamma against the 
corresponding times of development results in a time-gamma curve 
(Fig. 136). From this curve the time of development under the same 
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Fic. 136. Determining Time of Development for Required Gamma 


conditions for any desired gamma is obtained by extending a line from 
the desired gamma, parallel with the time of development scale, to the 
point of intersection with the time-gamma curve. A line from this 
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point, perpendicular to the base, cuts the time of development scale at 
the corresponding time of development. 

By reversing the procedure, the gamma produced by a given time of 
development may be found. 

It should be noted, however, that these values are without practical 
significance unless the conditions of development are exactly duplicated. 
Values obtained, for instance, from tray development cannot be directly 
applied to tank development, nor can results obtained with a fresh 
developer at a given temperature be applied to a used developer, nor to 
another film. 

The variation in the time of development possible for a given toler- 
ance in gamma is termed the processing latitude. If, for example, a 
gamma of 0.5.must be maintained within a tolerance of plus or minus 
0.04, the permissible variation in the time of development may be found 
by drawing lines from the two gamma values, namely 0.46 and 0.54 
(Fig. 137), to their intersection with the time-gamma curve and 
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dropping perpendiculars from these points of intersection to the time 
of development scale. The difference in the two times of development 
thus found constitutes the processing latitude. For any given con- 
ditions of film and developer, the processing latitude increases with 
the degree of development, or gamma. Processing latitude is a very 
important characteristic when sensitive materials must be developed to 
certain prescribed gammas, as in the processing of motion picture 
sound records. 
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Gamma Infinity—The amount of contrast, and therefore the 
value of gamma, since gamma is the numerical expression of contrast, 
increases with the time of development up to a certain point; beyond 
this point no further increase occurs, in fact, after this stage has been 
reached, lengthened development reduces rather than increases the 
value of gamma owing to the intervention of fog, the effect of which 
is greater on the lower densities than on the higher. The maximum 
amount of contrast or, in other words, the highest gamma obtainable 
with any given material is termed gamma infinity (yo). 

The value of gamma infinity depends chiefly upon the sensitive ma- 
terial, although experimentally small variations are secured with differ- 
ent developing agents. High speed emulsions for portrait work have 
a low gamma infinity as a high degree of contrast is never required in 
portrait work: in fact material tending to give a high gamma would 
be a disadvantage. In commercial, landscape and general exterior 
work greater contrast is required and sensitive materials made for 
these purposes are made to develop to higher values of gamma infinity 
than those made for portrait work. The greatest contrast of all is 
secured with plates of the process type as used for copying line work 
in black and white where absolutely clear lines together with a field of 
the greatest possible opacity is required. 

Gamma infinity may be determined experimentally, but as it involves 
the measurement of very high densities and since these may be more 
or less affected by the fog produced on long development, the process is 
subject to large experimental errors and the values of gamma infinity 
are generally determined by calculation from lower values of gamma. 
It will be remembered that in exposing the sensitive material in the 
sensitometer two strips were exposed under identical conditions and 
that these strips were later developed under like conditions, the dura- 
tion of development, however, varying as 1:2. 

A method of calculating gamma infinity from the values of two 
sensitometric strips developed so that 
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was first worked out by Mees and Sheppard in 1903.1% From certain 
mathematical data based upon the velocity of development they calcu- 
lated the following expression of gamma infinity in terms of lower 


12 Nietz, Theory of Development, p. 102. 
18 Phot. Jl., 43 (1903), 199. 
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gamma: 
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This formula, however, is not so simple as that of Renwick: 


pbcy oly 
(271) — 42 

A graphical method of determining gamma infinity which avoids all 
calculation worked out and published by Renwick will be found ex- 
tremely convenient.?® 

The Measurement of Sensitivity or Speed—The measurement 
of sensitivity, or speed, is a very important part of sensitometry; in 
fact, some methods of sensitometry are concerned wholly with the 
measurement of this characteristic. Four criteria have been used to 
measure the sensitivity of photographic materials: 


1. The exposure required to produce the least perceptible density. 
(Threshold value.) 

2. The exposure required to produce a certain density above fog. 
(The DIN system.) 

3. The exposure obtained by the projection of the straight-line portion 
of the D-log E curve to the log E axis. (The inertia of Hurter 
and Driffield.) 

14 Ote IL 5 t CIOLL ers: 


15 Phot. Jl., 63 (1923), 331. For two other methods see: Renwick, Phot. J1., 
54 (1914), 165-6. Krohn, Phot. Jl., 54 (1914), 166-7. 
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4. The exposure at the point on the D-log E curve representing the 
minimum-useful density difference. (The minimum gradient 
method of Jones, Russell and others.) 


Threshold Speed—This is found by impressing on the light- 
sensitive material a series of known exposures, developing under stand- 
ardized conditions, and determining the exposure producing the least 
perceptible deposit of silver when placed face down on a sheet of 
white paper. The sensitivity of the material is then expressed by a 
number proportional to the reciprocal of the exposure required to 
produce the faintest visible deposit. 

The best known method of measurement based upon threshold values 
is that due to Scheiner (1894). The Scheiner number was obtained 
originally by exposing the sensitive material in a rotating disk sen- 
sitometer, having an exposure range of I to 100 divided into 20 equal 
steps numbered from I to 20, developing under certain prescribed con- 
ditions, and expressing speed by the number of the step producing the 
threshold density. The ratio of exposures between consecutive steps 
on the Scheiner sensitometer is as 1: 1.27; hence the relative speed 
as represented by any given Scheiner number is 1.27 greater than the 
next lower. 

In time, various modifications were made in the original method so 
that no reliance could be placed in the Scheiner speed number and in 
1931 it was officially superseded in Germany, the land of its origin, 
by the DIN method. 

There are several objections to the use of the threshold exposure as 
a means of evaluating the speed of a sensitive material. In the first 
place, the threshold exposure is not a constant, but depends upon the 
conditions under which the developed sensitometer strip is examined 
and the conditions of development.*® 

Much more serious, however, is the fact that the threshold exposure 
is not a true index of the speed of a photographic material. From the 
standpoint of practice, the speed of a sensitive material is measured, 
not by the exposure required to produce a trace of an image, but by 
that required to produce an image whose density differences more or 
less satisfactorily represent the brightness differences of the subject 
photographed. As there is no fixed relationship between the threshold 

16 “Variations in the Threshold Speed of an Emulsion According to the De- 


veloper and Conditions of Development,” Bullock, Science et Industries Photo- 
graphiques (1926), 33; (1927), 5; (1929), 24. 
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exposure and that required for satisfactory rendering of the gradations 
of the subject the threshold exposure is not an adequate means of 
measuring the effective speed of a photographic material. 

The DIN Method of Measuring Sensitivity—In 1931 the manu- 
facturers of photographic materials in Germany adopted a method of 
determining speed which is termed the DIN method; the letters DIN 
being a contraction of “ Das ist Normal.” 

In this method the sensitive material is exposed in a special sensi- 
tometer employing an intensity scale of thirty steps, ranging in density 
from 0 to 3.0, the density increment of each step being 0.1. The light 
source is a standardized 40 watt incandescent lamp which is used with 
a filter to produce a daylight standard. The exposure of 1/20 second 
is made by means of a drop shutter. 

After exposure, the sensitometer strip is developed in a specified 
metol hydroquinone developer. In view of the fact that there is no 
prescribed time of development, the time for any particular sensitive 
material is determined after preliminary tests have revealed the devel- 
opment time which results in optimum rendering of the lower densities. 
_ The speed of the material is determined from the step having a 

density of 0.1 greater than fog, rather than the lowest perceptible 
density as in the threshold method. This particular step is found by 
measuring the densities in a special comparison densitometer in which 
one of the comparison beams passes through the fog strip and the 
other, the exposed portion of the sensitometric strip. A  supple- 
mentary density of 0.1 is placed in the comparison beam which passes 
through the fog density so that it is increased automatically by 0.1. 
When the photometric field is uniformly illuminated, the density of 
the exposed area is thus 0.1 greater than fog. The density of the 
corresponding step on the sensitometer step wedge is then determined. 
This density multiplied by 10 constitutes the DIN speed. 

DIN speed numbers are, therefore, inversely proportional to the 
common logarithm of the required exposure, and an increase of three 
units in the speed number means that the required exposure is one-half. 

As yet, the DIN system has found no application outside of Ger- 
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Ind., 32 (1934), 1296. 

LutHER—The Sensitometric Method “ DIN 4512.” Proc. Ninth Int. Con- 
gress of Phot., Paris, 1935. S.&I.P. (11), 6 (1935), 260. 
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many. The method has been rather seriously criticized in other 
countries, particularly the specifications relating to development. 
These, it is argued, are not comparable to those employed in practice. 
The specifications for development result, with some materials, in a 
degree of development in excess of that which would be given in 
practice. This would not be a serious matter if the ratio of the speed 
for the so-termed “ Optimum Development ” to that at normal develop- 
ment were the same for all materials. Experimental evidence available 
at the present time indicates that there is a fairly constant ratio for 
ordinary roll film, but that considerable variation exists with other 
types of sensitive material. In this case, it would be possible for two 
materials having the same DIN speed number to show considerable 
differences in effective speed when developed to the same degree of 
contrast. However, it is not possible to express the speed in terms of 
contrast (or gamma) since there are certain sensitive materials which 
increase considerably in speed as development progresses, but, beyond 
a certain point, show only slight increase in contrast. It is not too 
much to state, therefore, that in its present form the DIN system is 
not likely to be adopted as a universal standard.** 

H & D Speeds.—When the straight line portion of the char- 
acteristic curve is extended to intersect the log-E base, an exposure is 
indicated which was termed by Hurter and Driffield the inertia. The 
inertia is an inverse measure of speed so that a material of high speed 
has a low inertia and vice-versa. It is necessary, therefore, to take 
the reciprocal of the inertia in order to obtain numbers which are di- 
rectly proportional to the speed of the sensitive material. However, 
since the reciprocal of the inertia is in some cases less than unity, it is 
customary to multiply the reciprocal by a constant so as to obtain more 
convenient numbers. Present American practice is to multiply the 
reciprocal value by 10. The H & D speed in this case is represented by 


oe. 

~ Inertia’ 
Hurter and Driffield used a factor of 34 and still other values have 
been employed.1® 


17“ The DIN Speed-Marking for Plates and Films,” Ferguson, British Jour- 
nal of Photography, 81, June 20, 1934, p. 380; “ International Standardization of 
Speed Numbers,” British Journal of Photography, 82, August 2, 1935, p. 483; 
Jones, Photographic Sensitometry, pp. 63-95; Jacobsen, American Annual of 
Photography, 1937, PD. ; Clark, American Annual of Photography, 1937, p. 


18 For the origin of the factor of 34 see Ferguson, Phot. Jl., 66 (1926), 514. 
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The inertia was selected by Hurter and Driffield as a means of ex- 
pressing speed because, with the photographic materials then available 
(1890), it was a characteristic of the material which was not affected 
by variation in the time of development (provided the developing solu- 
tion does not contain a soluble bromide) ; the developing agent (except 
for a few agents of low reduction potential) ; or the composition of 
the developing solution. If a bromide is added to the developer, or if 
the emulsion contains free bromide (the vast majority of negative 
emulsions now contain free bromide), the inertia is not constant for 
different times of development, but shifts to the left as the degree of 
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Fic. 138. Effect of Soluble Bromide in Development on Inertia Values 


development, of gamma, increases (Fig. 138). It is obvious that 
under these conditions the speed of the material, as determined from 
the inertia, varies with the degree of development and that for each 
time of development, or gamma, there is a corresponding H & D speed. 

Still other complications arise in expressing the speed of photo- 


BaxkeR—Interpretation of the Characteristic Curve. Phot. J., 65 (1925), 
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Biocu—lInterpretation of Results. Phot. J., 65 (1925), 186. 
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graphic materials by the inertia. In some cases, the material does not 
produce a satisfactory straight-line relationship between density and 
log exposure, or there may be two more or less well defined straight- 
line portions. In such cases it is difficult to find the true inertia. 
There is likewise a wide divergence in the shape and position of the 
curve with different times of development, especially among materials 
of high sensitivity. 

Finally speed, as determined from the inertia, ignores the toe portion 
of the D-log E curve. However, the development of photographic 
materials with an extended toe portion has brought about the very 
general use of some of this portion of the curve in practical photog- 
raphy. Experience has shown that, within certain limits, it is possible 
to do this and still obtain acceptable, if not strictly accurate, tone 
reproduction. Under such conditions the inertia does not represent 
the effective speed of the material. 

The two characteristic curves in Fig. 139 represent two emulsions 
having the same H & D speed. They differ widely, however, in the 


Log E 
Fic. 139. Limitation of the Inertia as a Measure of Practical Speed 


toe portions and in that range the corresponding densities and likewise 
the density differences are greater in the material represented in the 
upper curve than in the lower. In one case the density difference may 
be practically useless; in the other the same exposures may produce a 
printable difference in density. Thus, while the speeds of the two 
materials as determined from the inertia are the same, in practice their 
speeds are quite different. In recent years, therefore, efforts have been 
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made to develop methods which more adequately express the speed of 
a photographic material from the standpoint of practical usage. 

Determination of Speed from the Minimum Useful Gradient— 
In practice, the speed of a photographic material is determined by the 
exposure required to reproduce the differences in brightness in the 
shadow portions of the subject by differences in density which are 
sufficient to result in satisfactory tone rendering in the print. The 
speed of a photographic material, therefore, cannot be expressed in 
terms of the exposure for any particular density but in terms of the 
exposure required to produce a suitable difference in density. 

Differences in density determine the slope, or as it is called the 
gradient, of the D-log E curve. The maximum gradient is attained 
in the straight-line portion and throughout this exposure range the 
gradient is constant. There is no fixed gradient within the toe portion 
of the curve and the gradient grows less and less as the densities de- 
crease. The point on the D-log E curve at which the density differ- 
ences, or gradient, is just sufficient to produce acceptable tone repro- 
duction in the print is known as the minimum useful gradient. The 
density difference corresponding to the minimum useful gradient is 
not fixed but depends upon the contrast range of the negative as a 
whole and is conveniently expressed as a fraction of the maximum 
gradient, or gamma. The work of Luther, Jones and Russell and 
others indicates that, in the majority of cases, the minimum useful 
gradient is approximately one-half that of the maximum gradient, or 
gamma. 

The proposal to use the exposure required to produce the minimum 
useful gradient as a means of evaluating speed has been widely dis- 
cussed in recent years. Jones and Russell have designed a gradient 
densitometer for rapidly and accurately determining directly from a 
sensitometric strip which has received a continuous exposure (i.e., not 
stepped) the point at which the gradient is one-half that of the maxi- 
mum gradient or gamma. 

It is not improbable that some method of determining speed based 


Jones anp RusseLt—Minimum Useful Gradient as a Criterion of Speed. 
Proc. Ninth Int. Congress of Phot., Paris, 1935. S.&I.P. (II), 6 
(1935), 325. Phot. J., 75 (1935), 657. ey 

Jones AND RussELt—Minimum Useful Gradient as a Criterion of Photo- 
graphic Speed. Phot. Jl., 75 (1935), 657. 

Romer, Marxocxr AND Brernat—Numerical Expression of Speed Based 
on Relative Minimum Gradients. Proc. Ninth Int. Congress of Phot., 
Paris, 1935. S.&I.P. (11), 6 (1935), 265. 
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upon the minimum useful gradient will find general acceptance within 
the next few years. | 

Latitude—The latitude, or exposure scale, of a photographic 
material is strictly defined as the difference in exposure units over 
which correct proportional reproduction is obtained; i.e., the straight- 
line portion of the D-log E curve. Thus if from the extremities of 
the straight-line portion of the curve (Fig. 140) perpendiculars are 
dropped to the log E axis, the difference in exposure units at the points 
of intersection represents the latitude, or exposure scale, of the 
material. 

The latitude of a sensitive material as determined in this manner 
is not a constant of the emulsion but varies with the degree of 
development, or gamma. As the latter increases, the projection of the 
straight-line portion of the D-log E curve on the exposure axis de- 
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le LATITUDE : 
Fic. 140. Exposure Scale or Latitude 


creases (Fig. 140) and consequently the latitude becomes less. Like- 
wise, sensitive materials normally used at a high gamma, such as posi- 
tive or process films, have a short exposure scale, or latitude. 

In practice, the latitude of a sensitive material is greater than that 
indicated by the projection of the straight-line portion of the D-log E 
curve on the exposure axis, since it is usually possible to use a portion 
of the curve at both extremities of the straight-line portion, without 
serious loss in quality of tone reproduction. 

The latitude, or exposure scale, is a very important characteristic of 
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a photographic material, as it indicates the range of brightnesses which 
can be acceptably recorded in the negative and hence, in a large meas- 
ure, the purposes for which the film or plate is suitable. Fortunately, 
the actual exposure scale of most good negative materials is greater 
than the range of brightnesses in the vast majority of the subjects 
photographed. Exceptions, of course, occur, but in general the range 
of brightnesses in ordinary subjects is about 1-30, or less, and only in 
exceptional cases does it exceed 1-100, while the exposure scale of a 
good negative material is usually not less than 1-200 and is frequently 
considerably more. The exposure scale of positive materials is much 
less and in general the higher the gamma to which the material is 
ordinarily developed, the lower is its latitude. 

The greater the latitude of a sensitive material, the greater is its 
tolerance im exposure. For any given photographic material, the 
greater the range of brightnesses in the subject, the less the tolerance 
in exposure. 

Spectral Sensitivity—vThe variation in the response of a photo- 
graphic material with the wave length of the radiation to which it is 
exposed constitutes what is termed spectral sensitivity or frequently 
color sensitivity. The spectral sensitivity of a photographic material 
is a very important characteristic as it determines to a large extent the 
tones in which colored objects are rendered. 

The determination of spectral sensitivity involves the isolation of 
comparatively narrow bands of the spectrum and determining, by one 
of several methods, the response of the film or plate to radiation within 
these spectral regions. The most accurate methods of making such 
measurements require a monochromatic sensitometer which consists 1 
essentially of a spectrograph, a means of isolating any desired portion 
of the spectrum, and a sensitometer. 

Sensitometer exposures are made with this instrument in the usual 
manner, but using monochromatic light instead of white light. From 
the data accumulated as a result of measurements throughout the 
spectrum, a spectral sensitivity curve showing the relation between 
wave length and sensitivity may be plotted. Spectrographic methods 
of this character, while necessary for a complete analysis of the spectral 
sensitivity of a film or plate, are lengthy, laborious, and exacting ; 
furthermore the results obtained by simpler methods are adequate for 
most purposes. 

One of the most widely used methods of comparing the spectral- 


19 Jones, Photographic Sensitometry. 
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sensitivity characteristics of different photographic materials is by 
means of wedge spectrograms. These are made on a special type of 
spectrograph whose essential features are shown in Fig. 141. A 
spectrum of the light source at the extreme right is formed on the 
sensitive material, placed at the back of the camera to the left, by means 
of a diffraction grating and the optical system shown. A blackglass 


Nevtral Condenser 
ee 


Fic. 141. Cross Section of Wedge Spectrograph 


wedge placed directly in front of the slit varies the illumination across 
the spectrum logarithmically, so that the height of the exposed portion 
of the material at any point indicates the logarithm of the sensitivity 
at that particular wave length. 

Two facts must be kept constantly in mind when using wedge spec- 
trograms as a means of estimating the spectral sensitivity character- 
istics of a particular film or plate: (1) the curve represents the relation 
between sensitivity and wave length only in terms of the light source 
used for the exposure; (2) the absorption of the glass wedge is 
greater for the short wave region than for the remainder of the spec- 
trum, so that the sensitivity of the film or plate to blue-violet is rela- 
tively greater than wedge spectrograms would indicate. This diffi- 
culty may be avoided by using rotating sectors in place of an optical 
wedge; however, it is not serious if wedge spectrograms are used 
simply for comparing different materials. 

A third method consists in determining the response of the material 
to certain selected regions of the spectrum as isolated by filters. The 
red, green, and blue tricolor sets are frequently used for this purpose. 
The relative exposure required with each of the three filters to pro- 
duce the same result as on a clear strip is determined and expressed 
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as the filter factor. The factor thus represents the number of times 
the exposure for each filter must be multiplied to produce the same 
effect as a given exposure on the clear strip. This method is identical 
with that used in determining filter factors. 

Color charts, prepared by three-color printing or with pigments, are 
often recommended as a means of determining spectral sensitivity. 
The use of these is not advised as the colors obtained in this manner 
are impure and reflect appreciable amounts of light from all parts of 
the spectrum so that the results obtained are inconclusive. 


CHAPTER VIII 


THE PHOTOGRAPHIC REPRODUCTION OF TONE 


A photograph may be made either for the purpose (1) of producing 
an image which will excite in the mind of the observer the same 
sensation as that produced by the original or (2) of conveying a 
certain impression which is desired for its artistic effect. Since pho- 
tography is essentially a factual method of reproduction, it is prob- 
able that in the larger number of cases the first of these is the primary, 
if not the sole, objective. The extent to which this is possible depends 
upon the ability of the photographic process to reproduce the bright- 
ness of each elementary area in the object. A careful analysis of the 
various processes involved, as well as an analysis of those factors upon 
which depends the operation of our visual perception, is obviously 
essential in the determination of the faithfulness of tone rendition 
under any given set of conditions. 

The visual impression produced by any subject depends upon a 
number of factors, among which the most important are physical 
brightness, brightness difference or contrast, and hue. So far as the 
ordinary processes of photography are concerned, the first two are by 
far the more important since these may be reproduced with considerable 
fidelity, while hue can only be suggested. It is, therefore, of pre- 
eminent importance that the problem of tone reproduction be thor- 
oughly considered if one hopes to depict the true tonal relationships of 
an object in a lifelike manner. 

Simplifying Assumptions.—In’ order to bring the theory of 
photographic tone reproduction within the limits of a single chapter, 
it will be necessary to make certain simplifying assumptions. First, 
while most subjects contain one or more colors, in the discussion which 
follows a monochromatic object will be assumed thus eliminating the 
complicating factors involved in the reproduction of the color sensa- 
tion. This simplification becomes necessary, since, in general, the 
spectral sensitivity of the photographic plate is radically different from 
that of the human eye. Secondly, we shall further assume that all 
photographic deposits are non-selective and, therefore, have identical 
visual and photographic density values. 


212 


PHOTOGRAPHIC REPRODUCTION OF TONE 213 


Tone Rendition of a Neutral Grey Object.—For convenience, 
the object to be reproduced will be regarded as consisting of a scale 
of neutral brightnesses lighted by reflected light. From the negative 
a lantern slide is made, which in turn is projected on a white screen. 
Let B,, B,, Bs, ... represent the measured brightnesses of the Ist, 
and, 3rd, .. . steps of the grey scale, and 0,, b,, b3, .. . represent 
the brightnesses of the corresponding steps on the screen. True tone 
reproduction would be achieved when each brightness of the screen 
image, b, is directly proportional to the brightness, B, of the corre- 
sponding part of the subject photographed. 

Figure 142 is intended to represent schematically the set-up used in 
taking this picture. The step on the grey scale marked B, is imaged 
on the negative as T,, B, as T,, etc. The exposure (in meter-candle- 
seconds) reaching the film is directly proportional to the product of 
the brightness of the subject (in meter-candles) and the time of ex- 
posure (in seconds). This may be expressed mathematically as: 


E = [Bry (1) 


where £ = exposure of the negative material in meter-candle-seconds, 
B = brightness of the object in meter-candles, 
T™ = duration of the exposure in seconds, 
1 = a constant depending for its value upon the character of 
the image forming system. It may be shown from geo- 
metrical optics that / = 2/4(f/number) ? 


From which it follows that the exposure £; for the first step of the 
grey scale would be represented by E; = /Bi7,, the exposure for the 
second step by Ee = /Bern, and similarly for other steps. 

Let us now further assume that the brightness range of the entire 
grey scale is such that it may be correctly recorded by the negative 
material, i.e., it can be recorded upon the straight line portion of the 
H and D curve of the negative material. Hence, the usual sensito- 


metric formulas will apply. Let 71, Te, Ts, ... represent the 
transparencies of the Ist, 2nd, 3rd, . . . steps of the negative upon 
development. 
The equation on page 195 may be rewritten as: 
In\ Yn 
= (— 2 
r= (#) (2) 


where T = transparency of the negative in percent 
in = inertia of the negative material in meter-candle-seconds 
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E, = exposure given to the negative material in meter-candle- 
seconds 

Yn = degree of contrast to which the negative is developed, ice., 
the slope of the H and D curve of the negative material. 


From this we see that T, = (%)™, jie (ee Y etc. for the 
Fy Es 


other steps. 


Next, a lantern slide positive is made by contact printing from this 
negative. This operation is represented schematically in Fig. 143. 


Negative of Lantern Slide 
Gray Scale Positive of Gray Scale 


Fic. 143. Positive of Gray Scale 


Here the exposure (in meter-candle-seconds) for any point on the 
lantern slide is directly proportional to the transparency of the cor- 
responding point of the negative and to the time illuminated. This 
may be represented mathematically as 


&=mI75 Cy 


where 6 = exposure received by the positive material, in meter- 
candle-seconds, 
T = transparency of the negative in percent, 
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time of illumination in seconds, 
intensity of illumination on the negative in meter-candles. 
(This factor is solely a function of the design of the printer.) 


Tp 
Mm 


The exposure 6; given the first step of the lantern slide will be repre- 
sented by 6, = Tity, the second step by 6 = mTor,, etc. Let us 
now assume that the transparency scale of the negative is such that 
by selecting the proper printing time, it may be printed within the 
latitude of the positive material. If h, hb, fs, +++ represent the 
transparencies of the Ist, 2nd, 3rd, --- steps of the lantern slide 


upon development, then 
= tp Yp 
‘= (2) (4) 


where ¢ = transparency of the positive in percent, 

inertia of the positive material in meter-candle-seconds, 

&» = exposure given to positive material in meter-candle- 
seconds, 

Yp = degree of contrast to which the positive is developed, i.e., 
the slope of the H and D curve of the positive material. 


S. 
3 
I 


From this it follows that 4 = (2) : = (3)" , etc., for 
1 1 


the other steps. 

Now if this slide is placed in a suitable projector and the projector 
image of the grey scale examined as it appears on the screen (see Fig. 
144), the brightness of any step of the grey scale will be directly pro- 
portional to the transparency of the corresponding step on the slide, or, 


b= nt (5) 
where b = screen brightness of any particular section of the screen, 
in meter-candles, 
transparency of the corresponding section of the lantern 
slide positive in per cent, 
nm = a factor representing the amount of light incident upon 

the slide in the projector (1/(f/number) ”). 


ll 


Therefore, the screen brightness of the first step of the grey scale will 
be represented by b, = nt,, the second step by 0, = nf,, etc. 

We are now in a position to analyze the conditions which must be 
satisfied if the screen brightness, b, at any point is to be directly pro- 
portional to the brightness, B, of the corresponding point in the subject. 
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Starting with Eq. 5 and substituting the value of t as given by Eq. 4, 


we have 
b=n (3). 


Substituting the value for & as given by Eq. 3, we have 


7 | ae 
b=n (25) : 
Substituting the value for T as given by Eq. 2, we have 


tp Yp 
In\ Yn 
m() 


And finally substituting the value for E as given by Eq. 1 we have 


b=n 


pol ee (6) 
Fg fei Bi 
(3) 


If, for the sake of simplicity, we make the limiting assumption that 
both the negative and positive are developed to a gamma of unity, Le., 


Yo ie a As 


then Eq. 6 reduces to the form 


ae 

b= ar oe B, (7) 
which immediately indicates that b is directly proportional to B when 
both y, and yp are unity. It may be shown algebraically that the 
y values of the negative and positive need not be unity individually, 
but only their product be unity. For example, if the negative is de- 
veloped to a gamma of 0.5 and the positive to a gamma of 2.0, the 
reproduction of tone values is the same as would be secured were both 
the gamma of the negative and positive equal to unity. Thus it may 
be concluded that for the proportional reproduction of the brightness 
differences of the original, the product of the negative and positive 
gammas should be unity. In other words, 


Yn° Yr = I. 
However, it is important to remember that this entire argument has 
been built upon the following limiting assumptions: 
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1. That all the areas of the object photographed are both visually and 
photographically colorless. 

2. That all the densities involved lie on the straight-line sections of the 
H & D curves. 


Effect of Gamma Product on Tone Reproduction.—It will be 
of interest to consider how far the y product of the negative and 
positive may deviate from unity without seriously affecting the repro- 
duction or rendition of tone values. Assume, for example, a land- 
scape in which the brightness range is approximately 32 to 1—that is, 
the brightness of the highest light is 32 times that of the deepest 
shadow. Denoting the highlight brightness by B, and the shadow 
brightness by B,, the brightness range of the scene is: 


Since most negative materials possess a latitude of 128 to 1 or more, 
it is possible with the proper camera exposure to record this range of 
brightnesses on the straight-line portion of the D-log E curve. Then 
the relation between the transparency of any given area of the de- 
veloped negative and the brightness of the corresponding part of the 
subject may be represented as 


By substitution it can be shown that the transparency range T,/T, of 
the negative will be given by 


IS By, Yn 

Sy (yen Ve 8 

7 - (3) (8) 
With the aid of Eq. 4, it may be shown also that the transparency range 
of the positive is given by 

cigs Bi\ np 

eae hae (9) 


An examination of Eq. 9 reveals that the gamma-product of the nega- 
tive and positive is an exponential quantity. This means that even a 
slight deviation of the gamma product from unity will produce a rela- 
tively large change in the faithfulness of the tone rendition. When the 
gamma-product is larger than unity, the reproduction exhibits a greater 
contrast than the brightness range of the subject photographed ; and 
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when less than unity, the reproduction has less contrast than the 
original. 

Enhancement of Contrast by Increasing Gamma Product.—For 
certain scientific applications it may be desirable to enhance the con- 
trast of the original subject by developing both the negative and positive 
to a gamma-product greater than unity. In photomicrography, for 
example, details on the microscope slide which are invisible to the eye 
may frequently be effectively increased in this manner. This is possible 
since the eye has a minimum contrast sensitivity of approximately two 
per cent. Hence, brightness differences on the microscope slide which 
are less than two per cent will be indistinguishable to the eye. By 
extending the time of development it is quite possible to attain a gamma 
value of 2.0, while a gamma of 3.0 can be secured with some negative 
materials. Assuming a gamma of 3.0 for both the negative and posi- 
tive, the gamma-product becomes 9.0. By such treatment, a bright- 
ness difference as small as 0.30 per cent can be increased to 0.30 X 9 
= 2.7 per cent in the positive and therefore will become readily dis- 
tinguishable with the eye. 

The converse of this situation frequently arises. It may be neces- 
sary, for example, to photograph a subject where the brightness range 
is greater than that which can be recorded on the positive material 
available. In this case, it is necessary to develop both the negative 
and positive so that the product will be less than unity in order to 
secure faithful tone rendition. 

A Graphical Solution of Tone Reproduction.—Thus far, only the 
correct reproduction on the screen of the actual physical brightnesses 
present in the object and of the actual contrast relations existing be- 
tween various areas of the object has been considered. However, 
when the subjective impression produced by a given brightness is en- 
tirely dependent upon the state of adaptation of the observer’s eye, it 
is obvious that such treatment as given above cannot represent a com- 
plete solution. The problem may be divided into two distinct phases: 
(1) the objective phase, which deals solely with the reproduction of 
the actual physical brightnesses and is capable of mathematical analy- 
sis; and (2) the subjective phase, which includes a consideration of 
those factors determining the nature of the subjective impressions 
produced by the action of a given physical stimulus under various 
conditions, and requiring the use of psycho-physical methods and data 
for its adequate treatment. 

Heretofore, it has been assumed that all of the densities involved 
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lie on the straight-line sections of the negative and positive H & D 
curves. In practice, this is not usually the case; it frequently becomes 
necessary to use the toe of the negative curve and both the toe and 
shoulder of the positive curve. An analysis of the rendition of tone 
values under these conditions becomes too complicated to express con- 
veniently in mathematical language. However, a graphical solution, 
by Jones of the Eastman Kodak Research Laboratory, offers a most 
ingenious method of making this analysis. Fig. 145 presents this 


log En > 


Fic. 145. Graphical Solution for Determining the Faithfulness of the Tone 
Reproduction for Typical Negative and Positive Materials 


solution, the necessary curves being plotted in four quadrants desig- 
nated for reference as I, II, III, and IV. 

The fourth quadrant contains the characteristic H & D curve of the 
negative material ; 

The third quadrant, the characteristic H & D curve of the positive 
material, and 

The second quadrant shows the variation in the response of the eye 
when viewing the original subject and when viewing the reproduction 
(the illuminated positive). 

The first quadrant shows the extent to which accurate tone rendition 
has been achieved. The curve therein compares the visual sensation 
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produced by the reproduction with that of the original. If the tone 
values are faithfully rendered, this curve will of necessity be a 
straight line at an angle of 45° to the axis. 

In most of the cases encountered in practice, both the subject and 
the reproduction are viewed under adaptation levels which lie on the 
straight-line portion of the visual sensation curve (Fig. 146). There- 
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Fic. 146. Relative Contrast Sensitivity of a Normal Human Eye at Different 
Levels of Field Brightness Taken from Data of Konig and Brodhun and Ad- 
justed for the Size of the Natural Pupil According to Data Furnished by Reeves. 


fore, the relative subjective contrast function shown in the second 
quadrant of Fig. 145 appears as a straight line through the origin at 
45°. 

From a study of the reproduction curve in the first quadrant of 
Fig. 145, it will be observed that the tone reproduction curve deviates 
quite markedly from linearity. The magnitude of the departure from 
an exact reproduction of the subject brightness is given by the length 
of a perpendicular line limited by the straight-line curve and the repro- 
duction curve and drawn through the point considered ; while the rela- 
tion of the slopes of the curves at corresponding points determines the 
magnitude of the departure from exact reproduction of the contrast 
in the object at the point considered. 

Analysis of Reproduction Curves.—The reproduction curve in 
Fig. 145 also indicates that the maximum contrast is secured from 
densities lying on the straight-line sections of the H & D curves of 
both the negative and positive materials. It will also be noted that 
the shapes of the toe and shoulder of the negative and positive curves 
works against one another in such a manner as to lower the reproduced 
contrast from these regions. Loss of subject detail in both the 
shadows and highlights is the result of this reduced contrast. Figs. 
147, 148, and 149 are presented to show how the faithfulness of repro- 


EHOTOGRAPHIC. REPRODUCTION OF TONE 223 


duction is affected through the utilization of negative and positive ma- 
terials possessing various characteristics. From Fig. 147 it will be 
observed that the contrast in the shadows is enhanced, while that in the 


Fic. 147. Graphical Determination of the Faithfulness of the Tone Reproduction 
When Printing a Straight-line Negative on a Long-toed Positive 


highlights is reduced. This occurs when the negative densities lie on 
the straight-line portion of the D-log E& curve and are printed on a 
positive material having a long toe. From Fig. 148 it is seen that 
shadow contrast is lowered and highlight contrast enhanced when a 
negative in which many of the densities lie in the toe portion of the 
curve is printed on the straight-line portion of the positive material. 
Fig. 149 presents the ideal case where the straight-line portions of 
both the negative and positive materials are used exclusively. Here 
the reproduction curve in the first quadrant indicates that the tone 
rendition is correct. 

Tone Reproduction on Printing Papers.—The characteristic 
curve of printing papers is similar to that of negative materials except 
that the straight-line portion is shorter. The length of the straight- 
line portion, as projected on the log EF axis, determines the range of 
brightnesses over which correct reproduction is obtained. Assuming 


224 PHOTOGRAPHIC REPRODUCTION OF TONE 


log Ex 
Fic. 148. Graphical Determination of the Faithfulness of the Tone Reproduction 
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that the brightnesses of the subject are correctly represented by the 
opacities of the negative, proportional representation of the subject 
will be obtained if the straight-line portion of the curve of the printing 
paper is used and if the product of the negative and positive gammas 
is equal to unity. 

A good negative material is capable of recording proportionally a 
brightness range of 1:128 or more. Since printing papers depend 
upon reflected rather than transmitted light, they are limited to the 
difference between the amount of light reflected from the white paper 
and that reflected from the deepest black which the paper will produce. 
The maximum black obtainable with any paper varies with the emul- 
sion and the surface of the paper. With a matt paper, the difference 
in the amount of light reflected from the unexposed paper and the 
maximum black may be in the ratio of 1:15; with glossy papers, the 
ratio is greater, usually from 1:50 to as high as 1: 100. Hence, it 
is possible to reproduce the full scale of brightnesses in the subject 
photographed if the entire scale of the paper is used. The limits of 
correct rendering, however, are fixed by the range of brightnesses in- 
cluded in the straight-line portion of the characteristic curve of the 
paper. Unfortunately, however, the total range of brightnesses in the 
average subject cannot usually be included within the straight-line por- 
tion of the paper curve. 

Since accurate reproduction is possible only for a limited brightness 
range, it is necessary to sacrifice the reproduction of those parts of the 
tone scale that are of minor importance in order that the portion hold- 
ing the greater subject interest may be properly rendered. 

In practice, the tone reproduction obtained on a printing paper is 
controlled (1) through the choice of a paper the exposure scale of 
which is suitable for the opacity range of those portions of the nega- 
tive which represent the most interesting parts of the subject and (2) 
by adjusting the printing exposure to obtain the tonal differences which 
are regarded as suitable for the subject as a whole. 

Three examples may serve to show how these principles are applied 
to the problem of tone reproduction in printing.’ 

I. Suppose one wishes to print a rather contrasty negative of an 
open landscape having a dense sky without clouds in which the interest 
lies chiefly in the foreground. If a paper is chosen having a scale 
which will record the deepest shadows in both the foreground and 
sky, the foreground detail will fall on the overexposure portion of 


1 Mees, Jones and Nutting, Phot. Jl., 54 (1914), 342; Mees, 64 (1924), 311. 
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the paper curve and hence will be flat and lacking in contrast. For 
such a case it would be better to regard the scale of the negative as 
the difference between the lowest and the highest density in the fore- 
ground alone. Then, if a paper is selected having sufficient latitude 
to record this range on its straight-line section, correct rendering will 
be obtained for the most important part of the subject. 

II. In a similar landscape where the chief interest is in the cloud 
formations, the conditions would be exactly the reverse of Case I. 
Here it would be the highlight gradations that we would attempt to 
record faithfully. 

III. Let us now consider a scene in which the objects of major in- 
terest consist of middle scale values surrounded by strong highlights 
and shadows. Under these conditions the negative gradation is very 
much greater than can be recorded on paper. Consequently we shall 
endeavor to render properly the half-tone region and let the shadows 
and highlights take care of themselves. This can be achieved by se- 
lecting the proper paper and giving the correct exposure to record 
the object of greatest interest on the straight-line portion of the H 
and D curve. Obviously the rendition of the highlights and shadows 
will be distorted, the amount of distortion depending upon the shape 
of the toe and shoulder of the characteristic curve of positive material. 
Naturally, the greater the latitude of the paper, the more perfectly 
the extremes will be reproduced. 
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THE REPRODUCTION OF COLOR IN MONOCHROME 


Introduction.—The vast majority of subjects photographed con- 
tain objects of different colors which can be represented only as differ- 
ences in tone. The extent to which this is possible and the conditions 
under which the photographic process will produce the desired result 
are matters of considerable importance. Differences in color are due 
to differences in hue, in saturation, or in brilliance.t Differences in 
hue and saturation cannot be reproduced in monochrome, hence, with 
the usual processes of photography, it is necessary to reproduce differ- 
ences in color which may be due to variations in hue, saturation or 
brilliance by means of the latter characteristic alone. 

In this chapter we are concerned (1) with the relation between the 
wave length of radiation and the resulting sensation, i.e., the visual 
function, (2) the relation between the spectral sensitivity character- 
istics of photographic negative materials and the rendering of color, 
and (3) the means employed for modifying the effective distribution 
of sensitivity so as to produce the most satisfactory rendering of color 
differences in monochrome (color filters). 

The Brilliance Characteristic of Color—The relation between 
the wave length of radiation and the brilliance of the resulting sensa- 
tion may be represented, assuming equal amounts of radiation in all 
parts of the spectrum, by a curve of the type shown in Fig. 150. In 
other words, if a series of colored objects reflecting the same amounts 
of radiant energy are compared by light of the average intensity of 
diffuse daylight, the yellow object will appear more brilliant than any 
of the others. Green and orange will be less brilliant but more so 


1 Definitions: Hue. The attributes of color in respect of which it differs from 
grey; the attribute in respect of which colors may be classified as red, green, etc. 
Saturation. The distinctness or vividness of hue. Brilliance. The attribute of 
color without which color cannot exist; the attribute in respect of which all the 
colors may be classified as equivalent to one or another of a series of greys of 
which black and white are the dominant members. From Glazebrook, Dictionary 
of Applied Physics. 
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than red or blue, while violet and deep red will be the least brilliant 
of all. 

Reproduction of Color with Photographic Materials.—The re- 
sult produced when photographic materials are exposed in the same 
manner, ie., to a series of colors reflecting the same amounts of 
radiant energy, varies with the distribution of spectral sensitivity in 
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Fic. 150. Color Brilliance Curve ‘Showing Relation Between Wave Length of 
Radiation and Intensity of Visual Responses 


the material. The greater the sensitivity of the material in any part 
of the spectrum, the greater the density of the negative and the 
lighter the tone of grey in which the corresponding color sensation is 
reproduced in the positive. 

Photographic materials differ considerably as respects the distribu- 
tion of sensitivity in different parts of the spectrum and this character- 
istic will be discussed at length in Chapter X. Ordinary, or blue 
sensitive, materials are for all practical purposes insensitive to radia- 
tion of a wave length longer than 550 millimicrons; therefore, those 
colors which appear brightest to the eye are rendered almost black. 
The range of orthochromatic or isochromatic materials extends to a 
wave length of approximately 600 millimicrons and thus are sensitive 
to green as well as to violet and blue. They are practically insensitive 
to pure orange and red, both of which are relatively brilliant to the 
eye. Panchromatic materials are sensitive to the entire visible spec- 
trum and it is only through the use of negative materials of this type 
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that objects in color can be rendered in the correct relative tone values 
as seen by the eye. The response of a panchromatic material to the 
different parts of the spectrum, however, is not the same as that of 
the eye and depends not only on the spectral sensitivity characteristics 
of the sensitive material but on the distribution of energy in the spec- 
trum of the illumination to which the film or plate is exposed. Thus 
the relative tone values in which colors are reproduced by a photo- 
graphic material depend not only on the spectral sensitivity of the 
film or plate but on the light source employed in making the picture. 

Effect of the Light Source on the Reproduction of Color.— 
Curves representing the relation between energy and wave length for 
several of the more important sources of illumination employed in 
photography are shown in Fig. 151 to 153. 

Skylight. Skylight represents sunlight which has been scattered by 
dust, water vapor and air. It is distinctly blue as compared with sun- 
light. 

Carbon Arc. The spectral distribution of an ordinary carbon arc 
is practically equivalent to a color temperature of 4000° K. (Fig. 151). 


Fic. 151. Spectral Energy Curves of (4) Carbon Arc, (B) White Flame 
Carbon Arc, (C) Panchromatic Carbon Arc : 


The white flame and panchromatic (orange) arcs are produced by 
the addition of suitable metallic compounds to the carbon.” 

Tungsten Sources. The spectrum of incandescent tungsten radia- 
tion varies with the temperature of the filament which depends upon 
the type of lamp and the voltage at which it is operated. The maxi- 
mum filament temperature in degrees Kelvin, corresponding to the 
color temperature, for some of the more widely used types of incan- 
descent lamps is as follows: 


2 Joy & Downes: Trans. Soc. Mot. Pict. Eng. 12 (1928), 502. 
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Maximum True 


Lamps Watts Volts Bulb Genes 
General Service........... 500 115 | PS-40 | 2935 
General Service..........- 1000 115 | PS-52 | 3000 
General Service........... 1500 115 | PS-52 | 3020 
(Moviellood) ivterrstee er eo 2000 C.P. | 115 | PS-52 | 3380 
Projection (Monoplane).... 500 115 T-20 | 3265 
PhotoHood No: tem ee 250 115 A-2I | 3490 
Phototiood Nox2yaa- eee 500 115 A-25 | 3430 
PhototloodsNOw4ém ese 1000 115 | PS-35 | 3410 
Phototashes. = seve se 6 oe 3500 (Average color 
temperature) 


The curves of Figure 152 show the spectral energy curves of incan- 
descent tungsten sources for color temperatures ranging from 2800° 
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Fic. 152. Spectral Energy Curve 
for Tungsten Sources 


to 3500° K. These are drawn in the 
conventional manner through a com- 
mon point representing 100 per cent 
relative energy at 5600° A? 

Mercury Vapor Lamps. The light 
emitted by mercury vapor lamps is 
confined to a few bright lines in the 
violet, blue and green. (See Fig. 
153.) It is not, therefore, a suitable 
light source for photographing colored 
objects. Mercury vapor lamps are 
sometimes employed in conjunction 
with incandescent lamps to obtain bet- 
ter color rendering. The exact balance 
between the two depends upon the 
color sensitivity of the plate or film 
employed and the type of incandescent 
lamp used. 

Flash Powders and Photoflash Bulbs. 
The spectral character of the light pro- 
duced by flashlight powders varies 
with the composition of the mixture. 


More recently mixtures containing substances producing a greater 
abundance of long-wave radiation have been introduced. These are 
frequently referred to as “ panchromatic” mixtures. 


8’ Data from Farnham and Worstell: 


Color Quality of Incandescent Lamps, 


J. Soc. Mot. Pict. Eng. 27 (1936), 260. 
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The spectral energy distribution of flashlamps varies slightly in dif- 
ferent makes and types. The typical aluminum foil lamp has a color 
temperature of approximately 3500° K. (Fig. 152).4 
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Fic. 153. Spectral Energy Curve Mercury Vapor Illumination 


Color Filters——The spectral response of a photographic mate- 
rial, and, hence, relative brightness in which colors are rendered with 
any given photographic material and light source may be altered by 
the introduction of a screen possessing selective absorption. Such 
screens are known as filters. Thus, if a screen which transmits yel- 
low, green, and red freely but absorbs some of the violet and blue is 
placed at any point between the light source and the sensitive material 
the photographic effect of blue and violet is reduced because some of 
the light which would affect the sensitive material is absorbed by the 
filter. Consequently, violet and blue are rendered darker and green 
and red lighter, relatively, since the latter are transmitted by the filter 
with little or no absorption. Filters thus provide a means of con- 
trolling the relative brightnesses in which the colors of the subject are 


rendered. 
Filter Factors—Since the employment of a filter results in the 


4Farnham & Worstell: J. Soc. Mot. Pict. Eng. 27 (1936), 260. 


PorarpENKo—Theory and Technique of Light Filters. (Appended to this 
paper is a very complete bibliography of 115 papers on light filters 
in various photographic and other technical journals.) Brit. J. Phot., 


68 (1921), 507, 522, 534. 
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absorption of light in a spectral region to which the photographic ma- 
terial is sensitive, it-is obvious that the effective illumination is reduced, 
necessitating an increased exposure. The number of times the ex- 
posure must be increased when using a filter is known as the filter 
factor. 

The filter factor depends on (1) the absorption spectrum of the 
filter, (2) the spectral sensitivity of the photographic material with 
which it is used and (3) the distribution of spectral energy in the 
illumination incident on the subject photographed. 

Thus a filter which absorbed totally all radiation between 300 my 
and 400 mp (violet and blue) would reduce the sensitiveness of an 
ordinary (blue-sensitive) material almost to the vanishing point. In 
the case of an orthochromatic material the effect on sensitiveness would 
be less because a larger proportion of the total sensitivity lies in 
spectral regions which are not absorbed by the filter. The effect on 
a panchromatic material will be even less and for the same reason. 
Hence, the filter factor for the same filter will be much greater for 
ordinary than for orthochromatic material and still less for panchro- 
matic material. With a filter transmitting between 300 mp and 
400 my and absorbing the remainder of the spectrum, the effect will 
be reversed. 

The filter factor varies also with the distribution of energy in the 
illumination incident on the subject. The greater the proportion of 
the total energy which lies in the spectral region transmitted by the 
filter, the lower the filter factor. 

For example, tungsten radiation contains a larger proportion of 
yellow, orange, and red light and less violet and blue than daylight. 
Therefore, the factors for yellow, orange, and red filters are lower for 
tungsten than for daylight. The reverse is true, however, of a blue 
filter. 

The factor of a filter, therefore, cannot be expressed except in terms 
of a particular sensitive material and source of illumination. 

Determination of Filter Factors—For general purposes, the 
published factors are satisfactory; however, in making three-color 
negatives and certain other cases it is at times necessary to determine 


Davis—A New Method of Measuring the Factors of Light Filters. Phot. 
Jy; 6ro(to2r),, £60. 

Jones AND McFartane—The Precise Measurement of Filter Factors and 
eee Reflecting Powers. J. Soc. Mot. Pict. Eng., 19 (1932), 
361-390. 
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the factors applying under conditions not contemplated in the published 
values. 


There are two methods by which the factor of a filter may be 
determined : 

1. Two sensitometric strips are exposed one with and one without 
the filter whose factor is to be determined. Usually it is necessary to 
increase the exposures on the strip made with the filter in order to 
obtain sufficient exposure for purposes of calculation. When this is 
necessary, the difference in exposure must be taken into consideration 
when calculating the filter factor. Having selected a suitable density 
on the strip exposed without the filter, the equivalent density located 
by visual inspection of the strip exposed with the filter and the ratio 
of the two exposures for the two steps determined. 

Greater precision is obtainable by measuring the densities on the 
two sensitometer strips, plotting D-log E curves and determining the 
exposures corresponding to a given density. The ratio of the two 
exposures is the filter factor. 

2. Practical filter factors may be conveniently determined by photo- 
graphing a black and white photograph with and without the filter. 
The photograph should be a neutral black; blue-black or brownish 
black prints are not advisable. A series of exposures is made, prefer- 
ably by varying the lens aperture so as to avoid variations in shutter 
speeds, first without and then with the filter. This series of exposures 
may all be made on a single film or plate by means of a “ Ratiometer ” 
which consists of a deep box lined with velvet, on top of which slides 
a black and white print. The first exposure is made with the print 
at the left. It is then shifted towards the right a distance equal to its 
width and the second exposure made. The same procedure is followed 
for the remaining exposures. 

After development, the series of negatives made with the filter is 
compared with the other and the images selected which match in the 
highlight region. The filter factor is calculated from the ratio of the 
exposures for the two negatives. 

Orthochromatic Filters. Orthochromatic Reproduction.—Fil- 
ters may be used either to correctely render in monochrome the dif- 
ferences in the brilliance of the colors of the subject (orthochromatic 
reproduction) or to reproduce a particular color, or colors, darker or 
lighter in order to obtain greater contrast than would be obtained with 
orthochromatic rendering. Filters désigned to produce orthochromatic 
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reproduction are appropriately termed orthochromatic filters, while 
filters designed to increase contrast are termed contrast filters.® 

For true orthochromatic rendering it is necessary that the spectral 
response of the photographic material be made to correspond with 
that of the eye. In other words, the effective distribution of photo- 
graphic sensitivity should correspond with the response of the eye as 
represented by the color brilliance curve. With the sources of illu- 
mination in general use in photography, it is necessary to employ filters 
if this result is to be obtained. The spectral absorption characteristics 
of the filter necessary for orthochromatic reproduction with any par- 
ticular film or plate is found by subtracting the ordinates of the color 
brilliance curve from those of the curve representing the distribution 
of spectral sensitivity. 

To obtain orthochromatic reproduction with the panchromatic ma- 
terials available, it is necessary to reduce the effect of violet and blue, 
and in certain cases, red. Materials whose sensitivity is excessive only 
in the violet and blue require yellow (violet and blue absorption) filters. 
With panchromatic materials designated as supersensitive or hyper- 
sensitive, the use of a light source rich in long wave radiation, for 
example, incandescent tungsten, results in a secondary maximum of 
sensitivity in the orange-red and for orthochromatic reproduction, the 
filter must absorb some orange and red as well as blue and violet. 
Such filters appear a pale green by transmitted light. 

Contrast Filters, Using Filters for Color Selection.—In prac- 
tice, orthochromatic reproduction is not always the end in view. Ob- 
jects are distinguished from their surroundings by contrast which may 
be the result of a difference in brightness or a difference in color. 
Frequently, parts of the subject may differ but little in brightness and 
yet the contrast may be considerable because of a difference in color. 
The contrast between a bright red apple amidst a cluster of green 
leaves, for example, is very striking to the eye. Actually, however, 
the brightness difference is small and when photographed on a pan- 
chromatic material with an orthochromatic filter the contrast is in- 
sufficient and the two are not properly differentiated in the negative. 

Since color contrast can be reproduced in monochrome only as dif- 
ferences in brightness, in the case of a subject of this nature contrast 

5 Orthochromatic, from the Greek roots, ortho correct and chroma color, is 
here used in.its true significance; orthochromatic films and plates do not result 


in orthochromatic reproduction but only in an improved rendering of color as 
compared with blue-sensitive materials. 
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must be produced by darkening or lightening the tone in which one 
of the colors is reproduced in relation to the other. This may be ac- 
complished by using a filter which absorbs more of one of the colors 
than the other. Consider the case of a tree with red apples. A green 
filter will render foliage lighter than the apples while a red filter par- 
tially absorbing green will render the apples relatively lighter than the 
foliage. Consequently, to render a color lighter than it would appear 
with orthochromatic reproduction a filter which selectively transmits 
light of the same color must be used, while to render a color darker, it 
must be photographed with a filter which absorbs light of the same 
color. 

Contrast filters find many applications in commercial and technical 
photography. In photographing a white building outlined against the 
sky, for example, the use of a deep yellow or orange filter darkens the 
sky and increases the contrast between it and the building. Contrast 
filters are also useful in cutting through atmospheric haze when photo- 
graphing distant subjects or subjects in a dull, hazy light. Furniture, 
particularly if dark, almost invariably requires a contrast filter to 
obtain the contrast required to reveal the characteristic grain of the 
wood and tapestries, colored labels and packages also are among the 
many subjects which necessitate the frequent use of contrast filters. 

Choice of Filter—The proper filter to use under any given con- 
ditions depends upon the subject and involves a decision first as to 
what color, or colors, are to be rendered lighter (or darker) and 
second, the degree of contrast to be produced. As a general rule, the 
warm colors such as yellow, yellow-green, orange and red should be 
rendered as lighter than the cool colors such as violet, blue and blue- 
green. The extent to which a color should be lightened or darkened 
depends so much upon the subject and the results desired that no 
definite rule can be given; judgment based upon experience is the only 
safe guide. 

Viewing Filters.—It is extremely useful to be able to determine 
before making an exposure the rendering of color values which may 
be expected with a particular sensitive material and filter. Viewing 
filters designed for this purpose are obtainable from a number of 
sources. A fair approximation of the result which may be expected 


6 Photographic vision filter; Ilford Limited, London. Monochromatic View- 
ing Filter and Filter Test Chart; Eastman Kodak Co., Rochester. Schiebe 
Viewing Screen; Schiebe, Los Angeles, 
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with a blue sensitive plate or film may be obtained by viewing the 
subject through a blue-violet filter, such as that used for making three 
color negatives. No filter is able to completely remove the effect of 
color without affecting the relative tonal values, but a satisfactory ap- 
proximation of the results obtained with a panchromatic material and 
a fully correcting orthochromatic filter can be gained by viewing the 
subject through a pure yellow filter such as the Wratten No. go or the 
Ilford P. V. Pan filter. The effect of a contrast filter may be deter- 
mined simply by examining the subject through the filter. In using 
filters in this way, it is important not to be misled by color; one must 
learn rather to look for the effect of the filter on the contrast of 
different parts of the image. 

Filters in Landscape Photography—Among the chief uses of 
filters in landscape work are for the purpose of: 

1. Securing clouds in the sky and controlling the intensity of the 
sky. With modern orthochromatic and panchromatic materials, only 
a comparatively light yellow filter is required to darken the sky suf- 
ficiently to bring out clouds with the proper contrast. The use of 
yellow contrast, or minus blue filters, darken the sky considerably and 
increase the contrast between the clouds and the sky. Still greater 
contrast is obtained by using a red filter and panchromatic film or with 
infra-red material. Another application of filters is for the purpose 
of lowering the brightness of the sky so as to prevent excessive con- 
trast when near dark objects are outlined against the sky. 

In architectural photography, minus blue or orange-red filters are 
sometimes required when photographing white or light colored struc- 
tures outlined against the sky to darken the sky and provide sufficient 
contrast between the buildings and the sky. 

2. To improve rendering of colors of foliage, flowers, etc. Pho- 
tographers have become so accustomed to the incorrect rendering of 
blue-sensitive material that photographs which correctly portray the 
luminosities of the subject are often regarded as overcorrected. 
Grass and foliage is in general rendered too dark without filters and 
by not preserving the proper differences in color luminosities, the 
effect of aerial perspective is destroyed. With modern orthochromatic 
and panchromatic materials, only light filters are necessary. Care 


Mrrs—Luminosity Filters. Brit. J. Phot., 53 (1906), 430. 
RenwickK—Color Values in Monochrome and a New Viewing Filter to 
Assist in Obtaining Them. Phot. J., 59 (1919), 158. 
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should be taken not to overcorrect through the use of filters which are 
too strong. : . 

3. To penetrate haze and secure sharp definition on distant objects. 
The intervening haze which obscures distant objects is due largely to 
the scattering effect of particles of water vapor in the atmosphere. 
The scattering effect of these particles of water vapor, at a maximum 
in the ultra-violet, decreases progressively with longer wave lengths. 
Hence, the use of filters which absorb the ultra-violet and violet will 
result in an improvement in the definition on distant objects. With 
strong yellow, orange, or red filters, absorbing more and more of the 
light rays scattered by the particles of dust and water vapor, its effect 
is lessened and the definition of distant objects improved. 

In landscape work, the total elimination of haze is not generally 
desirable as the recession of planes due to the effect of the atmosphere 
is destroyed and distant objects are made to appear too close to the 
camera. In mountain work and in telephotography, however, sharp- 
cutting yellow or orange-red filters are decidedly useful and in many 
cases absolutely necessary if satisfactory results are to be obtained. 
The lightest filter generally suitable for work of this kind is the minus 
blue; that is, a filter which absorbs ultra-violet, violet and blue. 
Greater penetration of haze is obtainable with a strong yellow filter, 
such as the Wratten G, or an orange-red filter such as the Wratten A. 
For maximum penetration of haze, infra-red materials should be used 
with appropriate filters (p. 247). 

Filters in Portrait Photography.—Color filters are not generally 
used in portrait photography, partly perhaps on account of tradition, 
partly on account of the increased exposure required, and partly 
because of the general practice of retouching. 

Flesh values are recorded satisfactorily with modern panchromatic 
materials without the need of a filter. Panchromatic materials having 
a high orange-red sensitivity tend towards the overcorrection of flesh 
values when exposed by clear tungsten illumination. To offset this 
tendency, blue-glass (photo blue) bulbs are frequently employed either 
alone or in combination with clear tungsten illumination. 

Filters in Commercial Photography.—Filters are used in so 
many different ways in commercial photography than no general treat- 
ment of the subject is of much value. In general, modern practice is 
to use filters on virtually every colored object except in cases where a 
satisfactory rendering is obtainable without a filter. Both orthochro- 
matic and contrast filters are used depending upon the end in view. 
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Generally, strict orthochromatic reproduction is regarded as important 
only if the print is to be colored or if the reproduction of the color 
differences of the original is of paramount importance. In the larger 
number of cases, the aim is to produce in the photograph the degree 
of contrast between the different colors which is regarded as suitable 
for that particular subject. However, a few examples may be useful. 
Panchromatic materials and contrast filters are virtually necessary in 
photographing furniture. It is almost impossible, for example, to 
secure a satisfactory rendering of red mahogany on an ordinary, blue 
sensitive film or plate, or even on an orthochromatic material except 
with a lengthy exposure but with a panchromatic material and a red 
filter the grain of the wood is brought out so clearly as to be almost 
incredible. With yellow woods, such as oak, satinwood and walnut 
like results will be obtained with a strong yellow filter. Tapestries and 
carpets require either orthochromatic or contrast filters as do colored 
posters, labels, colored maps, sepia-toned photographs, purple violet 
or blue typewriting (green filter), blue print (red filter), stained prints 
(filter the color or the stain, weathered brick buildings (strong yellow, 
orange, or even red filters). 

Optical Properties of Light Filters—Light filters are produced 
in one of three ways: 

1. By dyeing thin sheets of gelatin with suitable dyes to produce a 
gelatin film filter which may be used alone or cemented between first 
quality glass for greater protection. 

2. By infusing the molten glass during manufacture with suitable 
coloring materials. 

3. By colored liquids contained in cells of glass or other suitable 
materials. 

The first method is by far the most important. A large number of 
suitable dyes is available and filters having almost any desired absorp- 
tion characteristics may be prepared. The gelatin film is easily dam- 
aged but this is avoided by cementing it between two pieces of glass. 
Filters produced in this manner are quite satisfactory if the cementing 
has been done properly and the glass is flat; the only drawback is that 
heat, moisture or excessive strain may cause the cement to soften, or 
give way, thus producing inequalities in the filter which affect its 
performance. 

The number of colored substances which may be added to molten 
glass in the process of manufacture is rather limited and the production 
of colored glass filters has been hampered: (1) by the difficulty in 
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finding substances having the required spectral absorption and (2) by 
the difficulty experienced in producing a uniform product. Colored 
glass filters are rather more durable than those formed by cementing 
gelatin film between glass, but their absorption characteristics are not 
as well adapted to the requirements of modern color-sensitive materials. 

Liquid filters are now seldom employed, except for special purposes, 
owing to their bulk, inconvenience and rapid deterioration. 

Gelatin film filters, owing to their thinness, are practically without 
effect on the definition of the lens. 

For ordinary purposes, filters prepared by cementing the gelatin 
film between carefully selected pieces of optical glass are satisfactory 
if the cementing is done carefully to avoid strains in the glass. To 
ensure satisfaction, however, only filters of the highest repute should 
be chosen. Cheap filters are poor economy; as filters, they are fre- 
quently ill adapted to the requirements of modern sensitive materials 
while the glasses used are neither plane nor parallel and the cementing 
faulty. With long focus and telephoto lenses and the large aperture 
lenses used on miniature cameras, it is especially important that only 
filters of the highest quality be used. 

For three-color process work filters cemented in optical flats and 
tested to work together must be used if three equal-sized images are 
to be obtained. 

The filter may be placed in one of several positions: 

1. Over the light source. This is the usual position in photo- 
micrography and other branches of photography in which small light 
sources are used as in this position the filter cannot possibly affect the 
definition of the lens image. 

2. In front of the sensitive material. This involves the use of 
larger filters than when used over the lens but is the most convenient 
method in repeating backs for making three-color negatives and in 
tri-color cameras. 

3. Between the lens combinations. This position is possible only 
with gelatin film filters. 

4. Before the lens. In general, this is the best position for the 
filter. In this position, it is more accessible and has the further ad- 
vantage that any imperfections in the filter have less effect than if 
placed behind the lens. Moreover, the focal length of the lens, for 
all practical purposes, remains unchanged. This is obviously an im- 
portant consideration when using a filter on cameras focused by scale. 

5. Behind the lens. This position is less suitable than in front of 
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the lens for the reasons mentioned above, and also because placing the 
filter behind the lens displaces the image by a distance which is ap- 
proximately one-third of the thickness of the filter. 

Care of Filters.—Because gelatin filters are easily marked, they 
should be handled as little as possible. The best way to use them is, 
when possible, to place the filter between the combination of the lens 
where it will be protected. Film filters may also be used in caps which 
slip on over the front of the lens, but exposure to moisture will in 
time cause them to cloud. 

Cemented filters should receive the same careful attention as a lens. 
They should be kept clean by polishing them from time to time with 
a piece of lens tissue or silk. If necessary, a clean cloth moistened 
with alcohol may be used to clean the glass surface of a filter. In 
doing so, care should be taken not to allow the alcohol to reach the 
edges as the cement may be softened, allowing air to enter. Cemented 
filters should be protected from heat because by its softening the 
balsam, a strain may be set up which may affect the definition of the 
lens with which the filter is used. 

Most filters are quite stable to light; yet excessive exposure to 
strong light should be avoided. 
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NEGATIVE MATERIALS 


Forms of Negative Materials.—Sensitive materials for negative 
making are supplied in four forms: glass plates, cut film, roll film and 
film pack. 

Glass Plates and Cut Film.—Glass has formed the support for 
negative materials since the early days of photography and not until 
1892 when the nitrocellulose film was introduced was its supremacy 
questioned. Today, glass plates have largely been superseded by film, 
but in certain specialized fields of photography in which the dimen- 
sional accuracy of the image is an important factor, as in spectrogra- 
phy, astronomy and in photo-engraving, glass plates are still employed. 

Glass plates are packed in pairs with the emulsion sides facing while 
cut films are usually packed with the emulsion side facing the same 
way and separated with sheets of black paper specially selected and 
treated to be free of injurious substances. Both plates and cut films 
are ordinarily packed in boxes containing one dozen. The plates, or 
films, are wrapped first in black paper and then in metal foil, or water- 
proof paper, to provide added protection from moisture. In America, 
both plates and films are packed in three-part boxes for added protec- 
tion from light, while British and foreign materials are usually packed 
in a box with a single cover and the box itself enclosed in a sealed 
paper wrapper. j 

Both plates and cut films are best placed in holders in total darkness, 
as the danger of fog from exposure to the safelight is much greater 
when the material is dry than after development has begun. The 
emulsion side of cut film is usually indicated by notches which are 
placed so as to be in the upper right hand corner when the emulsion 
side is facing the observer. In most American-made films, the number 
and shape of these notches are used to indicate the type of film. The 
emulsion side of glass plates may be identified by the reflection of the 
safelight in the glass side, or, when loading in total darkness, by re- 
membering that the odd-numbered plates lie face down and the even 
numbers face up, or by slightly moistening the tips of the thumb and 
forefinger and applying to the opposite sides of the plate at one corner. 
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The moistened finger will adhere to the emulsion-coated side. Films 
are usually quite free of dust, but with glass plates the emulsion side 
should be brushed lightly with a soft camel’s hair brush to remove 
adhering dust. In many cases, it is sufficient to strike the edge of the 
plate sharply against the edge of the work table. 

If it is necessary to remove exposed plates, or cut film, from the 
holders before development they may be kept for some time in the 
original boxes wrapped exactly as received from the manufacturer, but 
the black separating papers used in packing films should not be used 
a second time. Plates, or film, should not be wrapped in any paper 
except that used for this purpose by the manufacturer as others papers 
may contain substances which lead to fog or fading of the image. 

Roll Film.—The manner in which roll film is made daylight 
loading is shown in Fig. 154. The strip of film is attached at one end 


Fic. 154 


with an adhesive sticker to a long strip of opaque paper. Then, when 
the film is wrapped around the spool, the end of the paper strip 
protruding beyond the film protects the film from light so that it may 
be placed in the camera in daylight. The strip of paper extending 
beyond the other end of the film strip operates in the same way to per- 
mit removal of the film from the camera in daylight. 

Roll film employs a thinner base than cut film as greater flexibility 
is required. Both are invariably coated on the back with a layer of 
gelatin to prevent curling. A dye which is decolorized by the de- 


Hitt anp Weser—Stability of Motion-Picture Films as Determined by 
Accelerated Aging. J. Soc. Mot. Pict. Eng., 27 (1936), 677. 

FRANKEL—Process for the Production of Matt Photographic Emulsions. 
G.P. 562,618. Phot. Ind. (1932), 1286. 

SHEPPARD—Matte Surface (Eastman Kodak Co.). U.S.P. 2,043,906 of 
23.338, 
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veloper, or the fixing bath, is frequently added to this gelatin layer 
to form a backing to prevent halation. (See p. 248.) 

A number of makes of roll film, particularly those intended for 
miniature cameras, have a protective coating of gelatin over the 
emulsion to prevent scratching of the emulsion from contact with grit 
or other sharp objects in the camera, or before processing. 

Film Pack.—The film-pack, like roll film, may be placed in, or 
removed from, the camera, or adapter, in daylight. It enables 12 
exposures to be made without reloading and, unlike roll film, any 
number of exposed films may be removed in a darkroom for develop- 
ment without affecting the remainder. On the other hand, there are 
several disadvantages of existing film 
packs compared with roll film; (1) [°° 


Unexposed 
there is greater danger of scratching fs 


and accidental light fog, and (2) in ; Ei pssclieu 
the larger sizes particularly, the film Plate uae 
is not as flat in the exposure plane; a Porptce 
shortcoming which, with large aper- meet 
ture lenses, may affect the definition of Spaing_ 
the image. 

The principle of the film pack is 
shown in Fig. 155. Twelve cut films Fttme >" Fuma 
each attached to an opaque black pa- 
per tab are placed in a metal or card- 
board container. The ends of the He be 
paper tabs project from the top of the __ rae 
pack and by pulling out the tab the film “““* Cover 
is transferred from its position at the 


front of the pack to the rear section. A"... 


In front of the pack is an opaque Parer 
black paper “safety cover” which Fic. 155. Cross Section of Film 
protects the films from light until the = pack (Eastman Kodak Co.) 
pack is placed in the camera, or in the 
light-tight adapter. This safety cover is transferred to the rear of the 
pack by pulling out the safety tab before the first exposure is made. 
When the last exposure is made, the pack is rendered light-tight by the 
1In order to facilitate retouching on the back of film negatives, a number of 
manufacturers have introduced films in which the back is coated with gelatin 
containing a fine transparent abrasive material. This produces a matte back 


which readily accepts retouching without special preparation. A matte-back also 
tends to minimize the effect of scratches on the back of the fiim. 
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center partition which is now in front in the position occupied in the 
beginning by the safety cover. 

Storage of Sensitive Materials—Exposed plates, or film, which 
must be kept for some time prior to development in a humid, tropical 
atmosphere should, if possible, be first desiccated by placing in an air- 
tight compartment containing calcium chloride, which extracts mois- 
ture from the air. After several hours in such a desiccator, the film 
or plates should be transferred to airtight metal containers and sealed. 
If this procedure is impractical, the package may be packed tightly in 
a box filled with crumpled photographic paper which should be re- 
moved and dried daily in an oven, or before a fire. Thus protected 
from moisture, the film will keep in good condition for several weeks 
although it is best to arrange for development as soon as possible. 

Plates, or film, which are to be transported to hot and humid 
climates, as in the tropics, should be ordered in sealed metal container. 
Practically all manufacturers are in a position to supply their negative 
materials in a special packing for tropical use at a nominal expense. 

Types of Color Sensitive Materials—The variation in sensi- 
tivity with the wave length of the radiation to which the film, or 
plate, is exposed is termed spectral or color sensitivity. There is a 
wide variation among negative materials in this respect; however, it 
is usual to consider all photographic materials designed for use in the 
visible region as belonging to one of three classes: (1) ordinary, or 
blue-sensitive, (2) orthochromatic, or less frequently, isochromatic 
and (3) panchromatic. 

1. Blue-sensitive Materials. The spectral sensitivity of materials 
of this class ends at a wave length of approximately 500 millimicrons 
as shown in Fig. 156. Materials of this type, therefore, respond only 
to violet and blue, and are practically insensitive to such visually bril- 
liant colors as green, yellow, orange and red. In this class belong all 
films and plates which are not rendered sensitive to radiation of longer 
wave lengths through the addition of a sensitizing dye. (See p. 146.) 
This includes all developing papers, lantern slides and transparency 
plates and films and many medium and high speed negative materials. 

2. Orthochromatic and Isochromatic Materials. Photographic ma- 
terials sensitive to yellow as well as to violet and blue are termed ortho- 
chromatic, i.e., true color, or isochromatic, i.e., equal color. Ortho- 
chromatic or isochromatic plates and films are practically insensitive 
to radiation of wave lengths longer than 600 millimicrons: they do not 
respond, therefore, to spectral orange or red. However, since most 
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natural reds reflect some green and yellow, red is rendered lighter 
than with a blue-sensitive material. 

Orthochromatic materials now available may be divided into three 
types which may, for convenience, be termed Ortho A, Ortho B, and 
Ortho C (Fig. 156). 

Orthochromatic plates and film, having a relatively low sensitivity 
to green, are included in type A. Erythrosin was used almost ex- 
clusively until comparatively recently as a sensitizer for othochromatic 
materials. Consequently, most orthochromatic plates and films intro- 
duced prior to 1930 are of this type. It is less powerful than later 
sensitizers and particularly noticeable for the low sensitivity in the 
green within the wave length of 550 millimicrons. 

The discovery within recent years of new and more effective ortho- 
chromatic sensitizers has made it possible to produce materials much 
more sensitive to green and yellow than were possible with Erythrosin. 
Materials of medium green sensitivity (Fig. 156) are classified as type 
B, and those of high sensitivity to green as type C. It will be noted 
that with the newer dyes, the depression in sensitivity within the wave 
length of 550 millimicrons has become less, almost completely disap- 
pearing with type C materials. 

3. Panchromatic Materials. Photographic materials sensitive to 
radiation through the entire visual range are termed panchromatic, 
i.e., all color. 

Panchromatic materials differ considerably as respects the distribu- 
tion of sensitiveness throughout the spectrum and may be divided into 
three classes designated as A, B and C. Spectrograms showing the 
spectral sensitivity cf these classes are shown in Fig. 156. 

1. Type A. To this class belong all materials sensitized with pina- 
cyanol, or isocyanine or carbocyanine dyes in use prior to 1931. Mate- 
rials of this type are being replaced steadily by those of types B and C 
in which the total sensitivity, as well as the sensitivity to long wave 
radiation, is greater. 

2. Type B. Panchromatic materials of this type have been termed 
ortho-panchromatic because, except for a maximum point of sensi- 
tivity in the blue-violet, their distribution of sensitivity is similar to 
that of the eye. 

3. Type C. Materials of this type have been termed hyper-panchro- 
matic because of their high general sensitivity throughout the visible 
region. Panchromatic materials described as supersensitive or hyper- 
sensitive belong in this class, 
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Infra-Red Sensitive Materials——The sensitivity of the eye ends 
at a wave-length of approximately 700 yp». Beyond this, lies the in- 
visible infra-red. Recent advances in the dye sensitizing of photo- 
graphic materials has made it possible to record spectral lines having 
a wave-length of approximately 1300 py. Most of these infra-red 
sensitive materials are of interest only to the scientist;? however, 


Fic. 157. Spectrograms Showing the Distribution of Sensitivity of Two High 
Speed Infra-red Materials Designed for General Photography 


materials of the type represented by the spectrograms in Fig. 157 are 
of general interest as with them it is possible to make photographs 
of ordinary subjects by means of infra-red radiation instead of light. 
Materials of this type are now sufficiently sensitive to permit of in- 
stantaneous exposures on out-door subjects under favorable condi- 
tions. <A red filter is required to absorb the blue light to which these 
materials, in common with all photographic materials, are sensitive. 
An infra-red filter is required only if the visible light is to be absorbed, 
as when making pictures in total darkness. 

Infra-red photography is employed chiefly for the purpose of elim- 
inating atmospheric haze and securing sharper definition and contrast 
on distant objects. The scattering effect of haze is at a maximum 
in the ultra-violet and becomes less and less as the wave-length in- 
creases. Thus the use of a yellow filter and an orthochromatic mate- 
rial or better yet a red filter and a panchromatic material in place of 
an ordinary blue-sensitive material will result in greater penetration 
of the haze and produce sharper and clearer images of distant objects. 


2 Mees, Photographic Plates for Use in Spectroscopy and Astronomy, Eastman 
Kodak Co., 1938. 
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The difference is still more marked in photographs made wholly by the 
invisible infra-red rays. 

Infra-red photographs of landscapes present a number of striking 
differences from those made in the usual way. The sky and the 
shadows are dark because of the absence of reflected infra-red radia- 
tion. Green foliage, on the other hand, appears nearly white due to 
the fact that chlorophyl reflects the infra-red rays in sunlight strongly. 
Advantage is frequently made of this effect to produce pictures which 
appear to have been made by moonlight. 

Non-Halation Materials—The halo which frequently surrounds 
the image of bright objects in the picture is known as halation. It is 
due to the reflection of light from the rear of the emulsion support as 
shown in Fig. 158. A part of the ray of light penetrating the emulsion 


VW 


Fie. 158. Diagram of Halation 


layer is scattered in all directions by the grains of silver halide. This 
scattering of light by the emulsion is known as irradiation and is gen- 
erally negligible except in cases of great overexposure or great enlarge- 
ment of the image. 

However, not all of the light entering the emulsion layer is scat- 
tered; some is absorbed producing the latent image and, since an 
emulsion is semi-transparent, some is transmitted and upon being re- 
flected back into the emulsion from the rear surface of the glass, or 
film base, produces the halo which is termed halation. 


The intensity of the halo depends upon a number of factors, 
namely : 
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1. The amount of exposure: The greater the exposure the more in- 
tense the halo. 

2. The turbidity and thickness of the emulsion: The greater the tur- 
bidity, and thickness, of the emulsion the less light it transmits and, 
therefore, the lower the intensity of the halo. A thickly coated plate, 
or film, is much less subject to halation than a thinly coated one. 

3. The method of development: Methods of development which act 
chiefly on the surface, or in the upper layers of the emulsion, develop 
less of the halo than those which act deeply. 

Photographic materials designed to prevent halation are appropri- 
ately termed non-halation or anti-halation. The methods employed to 
achieve this end may be conveniently grouped under four heads: 

1. Placing a Light-Absorbing Layer, or Backing on the Rear Sur- 
face of the Glass or Film Base. Backed plates have been an article 
of commerce almost as long as the dry plate itself and the value of 
backed plates in dealing with subjects in which halation is likely to 
occur is well established. In recent years, backings containing dyes 
which are decolorized in the developer, or fixing bath, and require no 
attention in processing have largely replaced the older backing materials 
which contained a pigment in a water soluble material, such as dextrine 
or caramel, which had to be removed during development by washing 
in running water and discolored the developer so that it could no 
longer be used. 

2. Placing a Light-Absorbing Layer Between the Emulsion and the 


Hesset—Halation on Plates and Films. Photofreund., ro (1930), 404, 461. 

KusteEr—An Objective Method for the Determination of Halation. Phot. 
Korr., 71 (1935), 65, 73; S.&LP. (11), 6 (1935), 363. 

Mauce—Examination and Measurement of Halation. Bull. Soc. Franc. 
Bhotser4) (£927) 12-30; 

NEUGEBAUER—Halation Tests. Photofreund., 9 (1930), 452. 

RuEeDEN—Halation and Its Prevention. Phot. Rund. 4 (1926), 69-79. 

FARBENINDUSTRIE A.-G.—Anti-Halation Backing for Plates and Films. 
BP 747 e8G0, 14.92.42. Gb. 570, 6601, 10.12.31) owl (Las 
(1934), 324. B.P. 416,198 (15.10.32). 

Farpeninp.—Anti-Halation Layer Composed of Manganese Dioxide. 
HPs 778,934 (5:10:33). 5-1-7 4(10936))- 381. 

RENwiIcK AND Kinc—Anti-Halation Coatings for Photographic Supports. 
IB JE, AAA AI @ik Babess 2%. 

ScHNEIDER—Filter Layer. (Agfa Ansco Corp.) U.S.P. 2,036,546 of 
242,33. 

EER peep ae Photographic Film. (Eastman Kodak Co.) 
U.S.P. 2,036,440 of 18.2.31. 
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Support. The backing in this case consists of a dye, or an opaque 
salt, which is decolorized by the developer. 

3. Increasing the Amount of Light Absorbed in the Emulsion by 
Double Coating. This has long been popular in the United States 
where the majority of cut films intended for professional use are 
double coated ; first with a slow, blue-sensitive emulsion and then with 
the regular negative emulsion. The emulsion next to the support ordi- 
narily plays no part in the formation of the image. It is designed to 
be as opaque as possible and its only function is to absorb light trans- 
mitted by the emulsion coated over it. 

4. Increasing the Opacity of the Film Base. For motion picture 
work, a soluble backing is not desirable and instead a grey base film 
in which the backing is an integral part of the film base is used. The 
increased density of the negative is compensated for by increase in 
exposure when printing. 

Sensitive Materials for Portraiture—Sensitive materials for 
portraiture must have a long scale of gradation, high speed, reasonably 
fine grain and medium contrast. Both ordinary (blue-sensitive) 
orthochromatic and panchromatic materials are in use but color sensi- 
tive materials are to be preferred over ordinary or blue-sensitive 
materials because of the superior rendering of flesh values -(which 
eliminates a large amount of the retouching necessary with blue- 
sensitive materials), the improved color rendering of the hair, eyes, 
lips and dress colors and lastly the higher speed when artificial light 
is employed. High speed orthochromatic materials are preferred by 
many especially when clear tungsten lamps are employed as producing 
better rendering of skin textures than panchromatic materials and 
permitting development by a red safelight. 

Ortho-panchromatic and hyper-panchromatic materials are widely 
employed, however, with photoblue and clear tungsten lamps, electric 
arcs as well as with daylight. In Fig. 159 are shown comparative 
photographs of a typical portrait subject on blue-sensitive, high speed 
orthochromatic, and ortho-panchromatic materials with incandescent 
clear tungsten illumination. 

Sensitive Materials for Press Work.—Films and plates for press 
work must be of high speed, for much press work must be done under 
unfavorable light conditions. In addition, materials for press work 
should develop rapidly and produce contrast readily, have fine grain 
and be physically hard to withstand forced processing and drying. 
Both ordinary (blue-sensitive) orthochromatic and panchromatic ma- 
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terials are in general use with the tendency towards the two last 
mentioned due to their greater speed with tungsten illumination. Both 
plates and cut film are in general use although it would appear that 
glass plates will in time be superseded by film on account of its lesser 
weight, freedom from breakage and general convenience. 

Sensitive Materials for Process Work.—Films and plates de- 
signed for photographing line subjects must work free from fog, have 
high resolution, that is, be able to separate fine lines, and produce high 
contrast. Sensitometrically such a material is represented by a char- 
acteristic curve having a steep straight-line portion, a high maximum 
density, and a short toe, or underexposure, portion.* 

Ordinary (blue-sensitive) materials are suitable for line subjects in 
black and white, but for colored objects either orthochromatic or 
panchromatic process materials must be used. 

Special films of this type for the lithographer, offset and process 
worker have been introduced in recent years under such trade names 
as Kodalith, Reprolith, etc. As compared with the so-called process 
material, these require from 5 to 10 times as much exposure, have a 
finer grain, higher resolution and produce greater density when de- 
veloped in special hydroquinone-paraformaldehyde developers. Ma- 
terials of this type are coated on a thin base film which may be printed 
from either side so as to render stripping and transposition of the 
image unnecessary, or on paper with a soluble layer between the paper 
stock and the emulsion so that the image may be stripped and trans- 
ferred (strip-film). 

Document papers coated with emulsions of the process type are 
employed in copying machines such as the Photostat or Rectigraph for 
making copies of printed matter, documents, plans, etc. without an 
intermediate negative. 

Materials for Landscape Photography.—In general, color sensi- 
tive materials are preferred for landscape photography although for 
the atmospheric effects of early morning or later afternoon, ordinary 
(blue-sensitive) materials are favored as emphasizing the effect of 
mist. However, if the proper rendition of the colors of the subject, 
or of clouds is desirable color sensitive materials are a necessity. 
Since brilliant reds are rare in the average landscape, orthochromatic 
materials are suitable although equally satisfactory results are obtain- 
able on panchromatic materials with lighter filters and usually with 
less exposure. 


8 Higson, “ The Emulsion for a Process Plate,” Phot. Jl., 59 (1919), 266. 
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For distant views, mountains, scenery, and in aerial photography, 
panchromatic materials with a strong yellow or orange-red or red filter 
are required (page 247). Still greater penetration of haze is ob- 
tained through the use of infra-red sensitive materials and suitable 
filters. 

Sensitive Materials for Commercial Photography— Commercial 
photography covers an exceedingly wide range of subjects and no one 
type of sensitive material is suitable for all. In general, however, 
color sensitive materials which produce density and contrast readily 
are preferred. For still-life subjects, a rapid film or plate is not re- 
quired; suitable color sensitivity, fine grain and the ability to obtain 
brilliant negatives of comparatively high contrast are more important. 

Orthochromatic film with a yellow filter is suitable, for example, for 
light wood such as oak, satinwood, walnut, unfinished mahogany, etc., 
but for finished mahogany, a panchromatic material and orange-red 
filters are required. Tapestries, decorated china and all similar colored 
objects generally require a panchromatic material and a suitable filter. 

In copying sepia prints those which are yellow stained as a result of 
age or imperfect fixation, a panchromatic material of the so-called 
“commercial” variety is required. In the first case, a fully correcting 
filter should be used: in the second, a strong yellow contrast filter. 

Maps, blue-prints, plans in color, etc., require a process panchromatic 
material and a suitable filter. 

For architectural subjects, a medium speed orthochromatic or pan- 
chromatic material with a light yellow filter is usually preferred. If 
the building is light colored and outlined against the sky, strong yellow, 
or orange-red filters may be required. In dull light, the appearance 
of old brick buildings may be greatly improved by using a slow pan- 
chromatic plate or film and an orange-red filter. 

Since extremes of contrast and bright reflecting surfaces are fre- 
quently met with in commercial subjects, films and plates which are 
backed or double coated to reduce halation are advisable in many cases. 

Fine Grain Materials—The growth in the popularity of the 
miniature camera during the past decade has been due quite as much 
to the development of fine grained emulsions as to the appeal of the 
small camera itself. Modern fine grain emulsions have in reality 
made the miniature camera practical, for without emulsions of this 
type, users of small cameras would be restricted necessarily to com- 
paratively small pictures. Modern fine grain emulsions are the result 
of intensive research directed towards the attainment of a finer grained 
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emulsion without the sacrifice of speed or other desirable character- 
istics and the discovery of more efficient color sensitizers which have 
made possible the production of sensitive materials of high speed with- 
out necessitating a corresponding increase in grain size. 

Both orthochromatic and panchromatic fine grain materials are avail- 
able with the latter predominating on the American market. In speed, 
the fine grain films available are only slightly inferior to the most 
rapid negative materials. They tend to yield negatives of greater bril- 
liance particularly in the shadows than other rapid negative materials 
and frequently the time of development is less. 

Direct Copy Film.—It is, of course, well known that great over- 
exposure of any negative material will produce a reversed image, i.e., 
a negative from a negative or a positive from a positive. Reversal is 
facilitated by general exposure to light or by the incorporation of fog 
producing substances such as sodium arsenite, permanganates, per- 
sulfates and dichromates in the emulsion. With ordinary negative 
materials, the reversed image obtained through overexposure is so poor 
in quality as to be of no practical value. Recently, however, a special 
direct copy film has been introduced,* which upon exposure and de- 
velopment in the usual manner produces images of good contrast and 
gradation. 

As the speed is approximately the same as slow contact printing 
paper, it is too slow for use in the camera; however, it is well adapted 
to making duplicate negatives either by contact or projection, to making 
duplicate transparencies or other cases in which a direct copy image is 
required.® 

Safelights for Negative Materials——A safelight is a color screen 
which, when used in conjunction with a suitable light source, provides 
illumination by which a particular sensitive material may be handled 
with reasonable safety. To this end it must, as far as is consistent 
with a suitable visual intensity, transmit only illumination within the 
wave length region to which the emulsion is least sensitive. Any 
safelight then is necessarily a compromise between two conflicting 
requirements, maximum safety and maximum visibility which last 
depends upon the amount of light transmitted and its wave length 
region.® 

4 Agfa-Ansco Corporation. 

5 Arens, H. & Eggert, J., Agfa. Veroeffentl, III (1934), p. 166. Arens, H., 


U.S.P. 2,005,837 (1935). Barth, W., J. Soc. Mot. Pict. Eng., 27 (1936), p. 410. 
® Mees & Baker, Phot. Jl., 47 (1907), 276. Chilton, Phot. JI., 71 (1931), 226. 
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A safelight transmitting red only is satisfactory for blue-sensitive 
and medium speed orthochromatic materials since both are practically 
insensitive beyond a wave length of 550 millimicrons (Fig. 160). 
With high-speed orthochromatic materials a safelight transmitting 
only the extreme red (Fig. 160) provides a greater margin of safety 
without too great a sacrifice in illumination. 

Panchromatic materials are sensitive throughout the visible spectrum 
so that it is obviously impossible for any safelight transmitting any 
part of the visible spectrum to be really safe. The problem in de- 
signing a safelight for such materials is to obtain the maximum 
visibility with the smallest possible amount of light. The eye is not 
equally sensitive throughout the spectrum and at low intensity levels 
the blue-green region affords the maximum visibility for a given 
amount of light. Hence, while the film or plate is sensitive to light 
throughout the spectrum, an amount of blue-green light which is suf- 
ficient to see by may be used with a reasonable degree of safety. To 
secure the same visibility in the red would require a stronger source 
of illumination which would lead to fog. 

The sensitiveness of super-sensitive and hyper-sensitive panchro- 
matic plates and film is so great that no light which is of any real value 
visually is safe while the emulsion is dry. When partly developed, its 
sensitiveness is lower and the safelight may then be used for momen- 
tary inspections of the developed image without serious danger of fog. 
It is much better, however, to handle such films and plates in total 
darkness. 

The standard of safety adopted for the products of at least one 
manufacturer of screens is that no effect should be produced on the 
plate when it is exposed to the safelight at a distance of one meter for 
thirty seconds. Most screens will produce fog if rapid or highly color- 
sensitive plates are exposed to their action for much over a half minute. 
A good working test of safety is to place a plate facing the safelight 
and about two feet away and expose part of it for thirty seconds, leav- 


Cuitton—Efficiency of Safe Lights for Dark Room Use. Phot. J., 71 
(1931), 226-233. 

Mers AND Baxer—Measurement of the Efficiency of Darkroom Light Fil- 
ters: Phot. J.,.47 (1907);,'276. 

TrivELLI—Lights for the Darkroom. Brit. J. Phot., 58 (1911), 474, 494, 
533, 628, 777, 872, 957; 59 (1912), 22. 
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ing part of the plate unexposed by covering it with several coins, or a 
piece of black paper. If the plate shows signs of fog, after develop- 
ment in total darkness for the usual time, the light is unsafe for the 
plate and either a weaker light source should be used, the plate handled 
at a greater distance from the lamp, or the safelight should be changed 
to one which more nearly transmits light to which the plate is insen- 
sitive. 


CHAPTER XI 


PHOTOGRAPHIC EXPOSURE 


Theory of Exposure.—Photographic exposure is defined as the 
product of time and intensity of illumination acting upon the photo- 
graphic material. A series of exposures may be produced, therefore, 
by a variation in either the time of exposure or the intensity of the 
illumination. When a photographic material is exposed in the camera, 
the time factor is constant and the variation in exposure for different 
parts of the image is directly proportional to the brightnesses of the 
corresponding parts of the subject, except for variations due to the 
absorption and scatter of light in the lens. 

Usually, the essential requirement is that the photographic record 
of these brightnesses create the visual impression of the original sub- 
ject. It is, however, only within a certain exposure range that a 
sensitive material is able to record differences in brightnesses correctly. 
Strictly speaking, this range in exposure is indicated by the straight- 
line portion of the D-log E curve of that particular film or plate. In 
practice, however, portions of the curve at both extremities of the 
straight-line portion may be used without producing evident falsifica- 
tion of brightness values. 

The problem in exposure, therefore, is to adjust the time factor so 
that the exposures produced by the various brightnesses of the subject 
are within the exposure range which produces a satisfactory repro- 
duction of the subject on the plate or film employed. 

Factors Influencing the Time of Exposure.—The time of ex- 
posure depends on (1) the brightnesses of the image on the photo- 
graphic material and (2) the sensitivity, or speed, of that material. 

The brightnesses of the image are determined by: 

1. The intensity of the light on the subject. The intensity of sun- 
light is determined by the time of day, time of year and by the pres- 
ence of clouds or other atmospheric disturbances. 

While with long experience the eye may acquire the ability to distin- 
guish differences in illumination under conditions with which it is 
familiar, in general the eye is a poor judge of the intensity of illumina- 
tion, unless aided, nor is it able to evaluate the variations in color which 
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affect exposure. Hence, such classifications as intense light, bright 
light, light clouds, dull, etc., while helpful, are only approximations, 

However, since the subject is not always fully exposed to the direct 
light of the sun or the sky, its location may have an important bearing 
on the illumination which it receives. Ina narrow street, for example, 
the illumination is greatly reduced by the buildings on either side which 
permit light from only a small strip of the sky to reach the subject. 
Likewise in heavily wooded areas or in shaded places, under porches 
and the like, the illumination is greatly reduced. It is extremely diffi- 
cult to estimate the illumination visually under such conditions and 
while it is possible to make some allowance for the subject factor by 
classifying the more common subjects into groups, more errors in 
exposure probably result from the difficulties arising from this source 
than from any other. 

2. The amount of light reflected from the subject. Subjects differ 
greatly in the proportion of the light falling on them which is reflected. 
A subject containing only water and sky, for example, reflects a larger 
proportion of the light falling on it than does a distant landscape, and 
this in turn more than a landscape in which are figures, trees, shrub- 
bery, buildings or other dark colored objects near the camera. In gen- 
eral, the nearer the subject is to the camera the larger the shadow areas 
and the less the amount of reflected light. 

In evaluating the amount of light reflected, or the brightness, the 
quality of the light, or its color, must be considered with particular 
reference to the color sensitivity characteristics of the photographic 
material. The more nearly the color response of the film or plate ap- 
proaches that of the eye the less the difficulty experienced in evaluating 
the allowance to be made for the color, or colors, of the subject. 

3. The light transmitted by the lens. This, for all practical pur- 
poses, is proportional to the relative aperture or f :number. 

Exposure Meters.—There are essentially two types of exposure 
meters: (1) those which measure the intensity of the light on the sub- 
ject by the rate of darkening of a sensitive paper and (2) those in 
which the light reflected from the subject is measured by visual meth- 
ods or by means of a photo-electric cell. Meters of the first type (ac- 
tinometers) were the first to find general acceptance; they have been 
replaced almost completely in recent years, however, with instruments 
of the second class and in particular those employing photo-electric 
cells. 

Actinometers.—Among exposure meters of this type, the best 
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kncwn, in English speaking countries at any rate, are the Watkins and 
the Wynne. Both are made in watch form and utilize the darkening 
of sensitive paper to a standard tint which, however, differs in the 
two meters. The meter is held to face the light illuminating the 
darkest part of the subject and the time for darkening of the paper to 
the standard tint is determined. This time, the actinometer time as it 
is called, is an indication of the intensity of the light and from it the 
exposure required with a given lens aperture and plate or film is calcu- 
lated with the aid of the movable scales which form a part of the in- 
strument. In the case of the Watkins meter, the first visible darkening 
of the sensitive paper requires 1/16 of the time necessary for the 
standard tint; hence indoors, or where the light is poor, the time re- 
quired for making a test of the light may be reduced by using the 
sixteenth time as it is called. 

The weak point of the actinometer is that it can measure only the 
light falling on the subject and not that reflected from it. However, 
if the proper allowance is made for different subjects, the exposure 
indications of an actinometer produce a high percentage of satisfactory 
results. 

Visual Exposure Meters.—Instruments of this type may be 
divided into two classes: (1) those in which the subject is viewed 
through an optical wedge, which for convenience is usually circular, 
and this is revolved past the eye until detail in the shadows disappear 
or are barely visible. The proper exposure is then determined from 
the scales of the instrument at this setting. Typical meters of this last 
class are the Heyde, the Ica Diaphot and the McMurtry. (2) In the 
second place are meters in which the light reflected from the subject 
illuminates an artificial test object, usually a transparent figure, the 
visibility of which may be reduced in a measurable manner by means 
of an optical wedge or an adjustable diaphragm. In some examples 
a number of figures varying in visibility are seen when the meter is 
pointed at the subject and the number just barely discernible is taken 
as a measure of the light reflected from the subject. The advantage 
of meters of this type over those described in class one is in the 
certainty with which the extinction point can be determined. On the 
other hand with meters of this class when used at the camera, it is the 
average brightness of the subject which is measured and not that of 
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a particular part of the subject as with meters of class one. The total 
brightness of the subject may or may not be a satisfactory indication 
of the proper exposure. If, for example, a large portion of the sub- 
ject is brightly illuminated and the shadow area is small, an exposure 
based upon the total amount of light reflected by the subject may result 
in underexposure of the shadow areas. All meters which measure the 
total amount of light are open to this objection which, however, may be 
overcome to some extent if the shadow area can be approached so as 
to exclude the remainder of the subject in making the measurement. 

In all visual type meters it is the visual brightness of the subject 
which is measured and not the actinic brightness, which may be quite 
different. The eye and photographic materials differ considerably in 
their response to different colors, therefore, the visual brightness is 
not an accurate indication of the exposure required in the case of 
an object involving color. In most meters, this difficulty is partially 
overcome by the insertion of a blue-violet screen in the field of vision. 
Visual measurements of brightness then correspond more nearly with 
the actinic brightness, but this expedient naturally fails to take into 
consideration the differences in photographic materials with respect to 
color sensitivity. 

The accuracy of meters in which brightness is measured by the ex- 
tinction of detail in the subject or an artificial test object are affected 
by the ability of the eye to adjust itself to variations in the intensity 
of illumination over a fairly wide range. Thus on coming into a 
darkened room the eye soon adjusts itself to the weaker illumination 
and we shortly begin to see detail that was totally invisible when we 
entered the room. Consequently, the exposures indicated by the meter 
will not accurately represent the real difference in the intensity of the 
illumination on the two subjects. The result is that another correction 
factor has to be applied to the meter readings of interior work. 

Meters of this type have been made to measure the brightness of the 
image or the focusing screen but have never found general acceptance. 

Photocell Meters.—In recent years, exposure meters employing 
light sensitive photocells have come into general use. While not a 
complete solution of the exposure problem, such instruments affording 
as they do a convenient and accurate means of measuring illumination 
are of very real assistance in determining exposures. 

Light sensitive cells have been available for a number of years but 
the amplifying tubes, batteries and control devices required in their 
operation made them too involved and bulky for use in exposure 
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meters. The self-generating photocell perfected in 1930 is entirely 
electronic in action; radiant energy striking the cell is transformed 
directly into electrical energy. The current generated is directly pro- 
portional to the intensity of illumination on the cell over a considerable 
range (Fig. 161); hence, it is possible to measure brightness directly 
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Fig. 161. Curves Showing the Relation Between Current Output and Illumina- 
tion on Photronic Cell (Lamb, Electrical Engineering, 1935) 


without reference to the eye from the electrical output of the cell as 
indicated on a suitable microammeter. As there is no physical or 
chemical change in the sensitive material composing the cell, its life 
is believed to be practically unlimited.t 

The color sensitivity of the photocell is similar to that of the eye 
(Fig. 162), but extends farther into both the red and the ultra-violet. 
The response of the cell to violet and blue is relatively greater than 
that of the eye but not so great as that of photographic materials. It 
would be possible by means of suitable filters to make the response of 
the cell practically identical with that of the eye. This has not been 
done in any existing exposure meter. 

There is little difference fundamentally in the photocells used in the 
different meters, but the angle from which light is allowed to reach the 
cell and the scales provided for the computation of the exposure vary 
greatly. The usual practice is to restrict the light reaching the cell 


1 Goodwin, J. Soc. Mot. Pict. Eng., 20 (1933), 95. 
Harrison, Phot. Jl., 74 (1934), 172. 
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by means of apertures, tubes, or lenses to an angle approximately 
equal to that included by the average lens. Meters designed for use 
with still cameras include an angle of from 50 to 70 degrees and some 
of the older types a still wider angle. 
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Fic. 162. Curve Showing the Spectral Sensitivity of the Photronic Cell Com- 
pared with the Eye (Lamb, Electrical Engineering, 1935) 


The angle included by any meter may be further restricted by the 
addition of a projecting hood. The masking effect of the hood should 
be determined by making a brightness measurement of a large uni- 
formily lighted surface with and without the hood. 

Use of Photocell Exposure Meters.—In most cases, it is suf- 
ficient to measure the average brightness of the entire scene from a 
point near the camera by holding the meter so that it receives only 
the light reflected from the subject. Out-of-doors, care should be 
taken not to include too much of the sky or the brightness measure- 
ment may lead to underexposure. If the subject is one which is 
generally well lighted, but contains dark objects near the camera, an 
exposure based on the average brightness of the scene may lead to 
underexposure of the darker portions. On the other hand, with a sub- 
ject which is generally dark but contains a well lighted area, the latter 
may be overexposed. With such subjects, it is best to measure the 
brightness of that portion of the subject which is the most important. 
This may be done by making the measurement from a position which 
is sufficiently close to include only the light reflected from the area 
in question. The angle included by the cell varies in different meters 
but generally if the distance from which the measurement is made is 
approximately equal to the shortest dimension of the area, whose 
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brightness is to be measured, the results will be sufficiently accurate 
for practical purposes. 

The brightness which can be lowest accurately measured varies 
slightly with different meters but is usually on the order of one foot- 
candle. The brightness of objects too dark to be measured directly 
may often be determined as follows: First measure a portion of the 
object having the same general tone on which the illumination is suf- 
ficient for a measurement to be made. Then measure the brightness 
of a sheet of white paper placed in the same position. The ratio of 
the two brightnesses gives the reflection coefficient of the paper. Then 
place the paper in the darker area and measure the light reflected by 
the paper. Divide the value thus obtained by the reflection coefficient 
of the paper and use the brightness value thus obtained in calculating 
the exposure. 

Latitude in Exposure.—The difference in the range of exposures 
over which a negative material can reproduce differences in brightness 
satisfactorily and the exposure or brightness range of the subject con- 
stitutes what is termed exposure latitude. Latitude in exposure, there- 
fore, depends upon the latitude of the sensitive material (page 208) 
and the exposure or brightness range of the subject. The latitude in 
exposure accordingly increases as the brightness range of the subject 
becomes less or as the latitude of the sensitive material increases. The 
latitude of most negative materials is considerably greater than the 
range of brightnesses in the average subject with normal illumination. 
Whereas the brightness range of the average subject is usually not 
more than 1 to 50 and frequently less (page 209) the latitude of a 
good negative material is not less than 1 to 200 and frequently as much 
as I to 500. It is evident, therefore, that the exposures may vary con- 
siderably without exceeding the limits imposed by the latitude, or ex- 
posure scale, of the sensitive material Were it not for this latitude 
the problem of exposure would be difficult indeed. 

Exposure Required to Stop Motion.—The amount of displace- 
ment possible in the image of a moving object without producing visible 
unsharpness depends upon the allowable circle of confusion (page 
89). In general, it is customary to regard as allowable a circle of 
confusion equal to 1/1200 of the focal length of the lens. If, however, 
the image is to be greatly enlarged, a still smaller circle of confusion 
is necessary, 

The amount of the displacement of the image of a moving object in 
a given time interval depends upon four factors: 
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1. The velocity of the object. The displacement of the image is 
obviously proportional, other factors being constant, to the velocity 
of the moving object. Usually this is unknown but in certain cases it 
may be estimated with sufficient accuracy for practical purposes. One 
knows for example, within certain limits what speed to expect of 
runners at the finish of any of the usual distances, of horses coming 
down the home stretch, and in many other athletic and sporting events. 
It must be remembered that allowance must be made for the more 
rapid movement of the arms and legs which move approximately twice 
as fast as the body itself. 

2. Distance of object from camera. The nearer the moving object 
is to the camera the larger the image and the greater the displacement 
for a given exposure. Except for very short distances the displace- 
ment of the image for a given exposure is inversely proportional to 
the distance of the object. 

3. The focal length of the lens. For a given object distance the 
longer the focal length of the lens the larger the image and the greater 
the displacement of the image in a given time interval. Thus the 
displacement of the image under given conditions, varies directly with 
the focal length of the lens. 

4. Direction of movement. With an object moving in a direction 
at an angle to the optical axis of the lens, the displacement of the image 
is the sum of the displacement due to the lateral movement of the 
object and the movement in line with the axis. 

The time of exposure permissible in the case of an object moving 
at right angles to the optical axis of the lens is indicated by the equation 
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where E = Exposure in fractions of a second, 
F = Focal length of lens in inches, 
D = Distance of object at time of exposure in inches, 
S = Speed of objects in inches per second, 
100 = Denominator of fraction indicating allowable circle of 
confusion. 


For practical purposes this may be written 
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For an object moving directly to or from the camera the equation 


(Da Le 
SX 100FX(A + 2)’ 


in which £, D, S, and F have the same significance as in the previous 
equation and (A + 2) represents the depth of the object in inches. 
For an object moving at an angle to the optical axis of the lens, 
the permissible exposure is given by 
Ee (D + F)? 2 
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2 Cleveland, Amer. Phot., 1925, p. 386, 442. See also Cummings, Brit. J. Phot., 
70 (1923), 447. 
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THEORY OF DEVELOPMENT 


Development as a Process of Chemical Reduction.—The opera- 
tion by which the invisible, or latent, photographic image is made 
visible is known as development. Since the exposure required to 
produce a visible image is many times that required to produce an 
image which may be made visible by development, the latter is in effect 
a means of multiplying the result produced by light so that an almost 
infinitesinal exposure of the sensitive silver halide grain may be con- 
verted into a substantial image. 

If the latent photographic image is regarded as consisting of minute 
nuclei, or centers, of silver on the grains of silver halide affected by 
light, development consists essentially in the formation of sufficient 
additional silver about these nuclei to produce a visible image. The 
added silver required to produce a visible image may be the result (1) 
of preferential deposition of silver from a silver-containing solution 
(the so-called “ physical”? development), (2) or the reduction of the 
grains of silver halide containing a nucleus (i.e., exposed grains) to 
silver (“ chemical” development). While it is possible that negative 
development involves both types to a limited extent, only the latter 
phase will be discussed here. 

Chemical development is thus a process of chemical reduction and 
consists in the conversion of ionic to metallic silver. The reaction may 
be represented as Ag*Br- + Redc = Ag + Ox + Br; in other words, 
there is an exchange of ions between the ionized silver halide and the 
developing agent. The silver cation receives an anion from the de- 
veloper which removes its positive charge, and it becomes metallic 
silver. The bromine anion is fixed in the form of an organic, or 
metallic, bromide depending upon the nature of the developing agents. 
Owing to the complex constitution of the organic developing agents, 
it is difficult to be more precise on this point. The one reducing agent 
whose action may be said to be fully understood is ferrous oxalate, 
the reaction in this case being 


Ag* + Fe (C,O,) =Ag (metal) + Fe (C,O,). 
267 


268 THEORY OF DEVELOPMENT 


Among the common organic developers, alkaline hydroquinone used 
without sulphite, is the only one which has been extensively studied. 
According to Sheppard, the reaction is as follows: 

Development with hydroquinone ?: 


OH NaOH 2 --- Nat 


_ 2H:,O 


Quinone 


More difficult to explain is the selective reduction of the silver halide 
that is, the ability of the reducing agent, or developer, to distinguish 
between exposed and unexposed silver halide. If the latent image 
is regarded as consisting of centers, or nuclei, of silver on the silver 
halide grains, there are at least three ways in which these specks or 
nuclei of silver might promote selective reduction: 

1. By acting as a center for the deposition of the silver formed by 
reduction of the silver halide, thus lowering the concentration of the 
silver within the grain and allowing the reaction to proceed until the 
entire crystal of silver halide is converted to metallic silver. 

2. The developing substance may be adsorbed to the silver of the 

latent image, but not to silver bromide. This would produce a high 
concentration of the ionized developing agent in the neighborhood of 
the nucleus, and result in the adjacent silver halide being reduced, 
whereupon more developer would be adsorbed, converting more of the 
silver halide to silver, the process continuing in this manner until the 
crystal of silver halide is completely converted to metallic silver. 

3. The silver of a nucleus may act as a catalyzer in the reduction of 
the silver halide by the developer, favoring the reduction of the ex- 
posed grains of silver halide over the unexposed. 

The Rate of Reduction.—There are three phases in the process 


1 Sheppard, J. Chem. Ed., 4 (1927), 754. 
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of development: (1) the induction phase, (2) the reduction phase, 
(3) the precipitation phase. 

Beginning with the surface of the emulsion layer, the developer 
rapidly diffuses through the gelatin and then more slowly penetrates 
the crystal of silver halide. This is followed by the progressive reduc- 
tion of silver halide to silver, and the addition of silver thus formed to 
the original nucleus a process, which assuming a constant supply of 
fresh developer, continues until the crystal is completely developed. 

‘Diffusion plays a very important part in these reactions, and other 
things being equal, those crystals lying nearest to the surface of the 
emulsion layer will be penetrated and attacked first. Since, the 
strength of the developer is being continually reduced by use, the de- 
velopment of the lower strata of silver halide grains will be delayed 
until the concentration of fresh developer is sufficient to initiate and 
complete the reduction of the silver halide. Consequently, in the de- 
velopment of negative emulsions, or emulsions of any considerable 
thickness, it is probable that all three phases of the developing process 
are taking place at the same time. 
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The time elapsing between the application of the developer and the 
first appearance of the image is known as the induction period and 


corresponds with the arithmetical coefficient of development. The 
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Fic. 163. Growth of Density with Time of Development (Nietz) 


induction period, with any particular developer, is a constant fraction 

of the time required for a given degree of development, but this arith- 

metical relationship is altered by soluble bromides and iodides, the 

former lengthening and the latter shortening the induction period.? 

If, for a given exposure, the 

variation in density with the time 

of development is found by erect- 

ing a perpendicular from a point 

D on the log exposure axis, so as to 

intersect the straight-line portions 

of a family of H and D curves 

(Fig. 163) and density is plotted 

as a function of the time of de- 

Dev (Min) velopment, a curve of the expo- 

nential type (Fig. 164) is obtained. 
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ment (Nietz). density is rapid at first, becoming 

slower and slower as development 

proceeds until the latent image is completely developed when it ceases, 

except for the increase due to the development of unexposed silver 


2 Sheppard, Phot. Jl., 45 (1905), 281; Sheppard, J. Chem. Soc. (Londen), 87 
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halide (fog). The maximum density obtainable (D Max) depends 
chiefly upon the emulsion, but varies to some extent with different 
developers. 

The explanation of this progressive diminution in the velocity at 
which density increases is quite simple, although it is a difficult matter 
to find a mathematical expression which will cover all conditions. 

After development for any length of time short of that required to 
produce the maximum density, three kinds of grains are present: 


A. Developed grains. 
B. Developable but undeveloped grains, 
C. Undevelopable grains. 


The A grains represent the density already attained; the A and B 
grains together, the maximum density which can be secured exclusive 
of fog. The B grains, therefore, are the only ones subject to de- 
velopment and as the reaction proceeds the number of B grains will 
become less and less until finally when all are developed the process 
must stop. Thus the density undeveloped at any time ¢ will be 
(D.—D), where D is the density developed at any time ¢ and Dg 
the maximum density. Supposing that the rate at which the developer 
reduces the exposed, but undeveloped grains, is a constant and in- 
dependent of the number of grains (as is actually the case) and that 
the rate of diffusion remains unaltered, we can express the rate of 
development, or dD /dt as 

dD 

ain =e k(D. can Dy; 
where k is a constant determined by the rate at which the exposed 
grains are reduced by the developing agent. This formula fits the 
case fairly well with acid developers over a moderate range but wide 
variations are observed with most alkaline developers and other more 
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complex equations have been suggested to account for the various 
factors involved.’ 

The constant K is termed the velocity constant of development. 
With any particular emulsion and developer, at a particular tempera- 
ture, the value of K is a direct indication of the rate of development. 

To determine the value of the velocity constant, k, the values of 
gamma for two sensitometric strips simultaneously exposed and de- 
veloped for different times, of which one is double the other must be 
known. The values of y! and y? having been found, k may be cal- 
culated from the following equation: 
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where D..== maximum density, D density at time #.* 

Developing Agents.—Comparatively few reducing agents are 
suitable as photographic developers. To be suitable for use as a de- 
veloper, a reducing substance must be able to distinguish between 
exposed and unexposed silver halide; in other words, the reducing 
energy (reduction potential) must be such that the latent image is 
developed before an appreciable amount of unexposed silver halide is 
reduced to silver. Many reducing agents are so powerful that they 
reduce unexposed silver halide to silver (eg. triaminophenol) ; the re- 
ducing energy of others is too low to be useful practically (e.g. ferrous 
citrate) ; still others (hydrazine for example) cannot be used because 
of undesirable reaction products. While a number of inorganic sub- 
stances function as developers,> the developing agents in use today 
are all para or ortho diphenols, diamines or aminophenols as follows: 


Diphenols Diamines Aminophenols 
Two—OH groups Two— NH, groups One—OH-+one 
— NH: group 
para ortho para ortho para ortho 
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® A comprehensive review of later work on the velocity of development and 
development vélocity equations will be found in The Theory of Development, by 
A. H. Nietz. 

4 Mees and Sheppard, Phot. Jl., 43 (1903), 48; 44 (1904), 207. 

5 Hydrogen peroxide (Andresen, 1889); alkaline ferro-oxalates (Carey Lea, 
1877) ; hyposulfites (Eder, 1886) and vanadates (Lumiere, 1894). 
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While there is some evidence to show that developing properties do 
not depend on the constitution of the reducing agent but simply on 
its reduction potential ® the work of A. and L. Lumiere, Seyewetz 
and Andresen has established certain general rules which apply to the 
organic developing agents known. 


Compounds containing two hydroxyl (OH); two amino (NH,) or 
one hydroxyl and one amino group. 
I. These substances are developers only if the groups occupy the 


1 and 4 (para) or the 1 and 2 (ortho) positions in the benzene nucleus. 
For example: 


, ee OH 
6 2 —OH 
» 3 
2 OH 
Benzene parahydroxybenzene orthohydroxybenzene 
(hydroquinone) (pyrocatechin) 
NH2 NH: 
2 ie 
va 
NHe 
Paraminobenzene Orthoaminobenzene 
OH OH 
OH Z 
/ Bes 
L Ly 
NH. 
Phenol Paraminophenol Orthoaminophenol 


2. Substances in which the two substituted groups occupy the 1 and 4 


6 Maurer and Zapf, Phot. Ind., 33 (1935), 90; Abribat, Phot. Jl., 75 (1935), 
434. 


ANDERSEN—Organische Entwicklersubstanzen. Eder’s Jahrb., 7 (1903), 
86. 

ete te AND SEYEWETZ—Developing Properties of m-Derivatives. 
S.@LP.,, 8) (1928), 37: 

SrvEwETz—The State of our Knowledge of Organic Developing Agents. 
Bull. Soc. franc. Phot. (1920), 129; Brit. J. Phot., 66 (1920), 186. 

SEYEWETZ AND SzymMson—Products of Oxidation of Photographic De- 
velopers by Silver Bromide. II. Bull. Soc. chim. 1 (1934), 1506. 
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or para position are more energetic developers than ortho (122) 
compounds. For example: 


OH OH 
ve 
—OH 
is more powerful than 


OH 


3. The dioxybenzenes are more energetic developers than the amino- 
phenols, and these in turn are more energetic than the diaminobenzenes. 

4. The substitution of chlorine or bromine for hydrogen in the 
benzene nucleus increases the developing energy. For example: 


OH 
OH OH oy 


—Br oe —Cl are more 
) active than 


Nou OH 


Bromhydroquinone Chlorohydroquinone Hydroquinone 


5. The substitution of acid groups such as (COOH, SO,H, etc.) 
for hydrogen in the benzene nucleus lowers the developing energy. 

6. Developers with two hydroxyl groups (para and ortho hydroxy- 
benzene) require an alkali. Developers with one hydroxyl and one 
amino group (paraminophenol, orthoaminophenol will develop without 
an alkali but are not practical when so used. 


Compounds containing more than three active groups (OH, NH.,). 


I. Substances containing three groups with a symmetrical arrange- 
ment (1: 3:5) are not developers. No definite rule appears to apply 
to other groupings. For example: 


OH OH 
—OH 
HO OH —OH 
I: 3:5 hydroxybenzene I: 2:3 hydroxybenzene 
(not a developer) (Pyrogallol) 


2. The energy of developing agents containing three hydroxyl or 
amino groups is greater than that containing two such groups. 
For example: 


— 
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OH 
. fou 
\-0H "Aa ) 
is more energetic than L 
—~OH 
a 
OH 


1:2: 3 hydroxybenzene Parahydroxybenzene 
(Pyrogallol) (Hydroquinone) 

3. Compounds containing three hydroxyl groups (Pyrogallol) can 
peer without an alkali but are not practical unless used with an 
alkali. 

4. Increasing the number of amino groups increases the developing 
energy. For example: 


OH /OH 


3 


NH \\—NHz 
is more powerful than | 
ee 
\NH:; \ou 
Diaminophenol Monoamino parahydroxybenzene 


5. If the developer contains three or more hydroxyl and amino 
groups, the energy is greater without an alkali than with a developer 
containing only two such groups. For example: 


OH 


—Ni2 is more energetic with- 
out an alkali than 


N H, NH: 
Diaminophenol Paraminophenol 
7. The energy of a benzene derivative which is already a developer 
is increased by the introduction of a methyl CH, group. For example: 
The energy of 


OH OH 
Va 
is increased by the replacement 
of one H of the NHez by CH; 
NH. NH CH; 
Paraminophenol Monomethylparaminophenol (Metol) 


The maximum reducing energy is obtained when the group is in the 
ortho position with respect to a hydroxyl.’ 
7 Seyewetz, A., Le Negatif en Photographie, 2d ed., p. 164. 
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Color Developers—A number of organic substances act as de- 
velopers, producing an image consisting of finely divided silver and a 
dye which is the result of the oxidation of the developer in the re- 
duction process. A comparatively large number of developers of this 
type are known, among them thioidoxyl, alpha naphthol, and 1:4 
dioxy-iso-quinolin, although the most prominent, due to the investi- 
gations of Homolka, is indoxyl,’ but have found little application in 
practice. 

In 1912, Fischer ® found that phenol and certain of its derivatives 
when combined with a suitable developing agent, such as paraphenylene 
or paraminophenol, is reduced in the process of development to an 
indophenol or azine dye, thus resulting in the formation of an image 
of silver and a colored dye. 

The reaction taking place may be represented schematically as 
follows: 7° 


HH HH 
C—C C=¢ 
he Ne De es 
NN a 
G=C : C=C 
al AgBr: H H 
p-phenylene + Silver Bromide + Phenol 
diamine 
HH Hew 
pres ee) & 
Vi X A ~ 
FE =C CN e G0 4. 
Xs # Neate. si 
C26 C= 
HH H H 
Indoaniline +Silver 
(Blue dye) 


The developing agents which function in this manner are termed 
color developers and the dye-forming substances color formers. 


8 Homolka, Brit. J. Phot., 54 (1907), 136, 196, 216; Phot. Korr., 51 (1914), 
256, 471; Ermen, Brit. J. Phot., 70 (1923), 47, 200. 

® Fischer, Brit. J. Phot., 60 (1013), 595, 712; (1014) 329. U.S.P. 1,055,155, 
1,070,757, 1,162,028. 

10 Davies, Phot. JI., 76 (1936), 251. 
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The subject of color developers has received considerable attention 
in recent years because of their application to natural color pho- 
tography,’ and three processes of color photography utilizing color 
developers, namely Kodachrome, Agfacolor and Gasparcolor, are now 
in use commercially. 


11 Consult patent specifications on color photography in Photographic Abstracts 
(Royal Photographic Society of Great Britain). 


CHAPTER XIII 


DEVELOPING SOLUTIONS 


Characteristics of the Principal Developing Agents.—Dziamuino- 
phenol (Amidol). Diaminophenol is one of the few developing agents 
in general use which does not require an alkali. With sodium sulfite 
alone it forms an energetic, soft-working developer which is employed 
chiefly for the development of bromide papers. Solutions of diamino- 
phenol deteriorate rapidly and generally are inactive in from two to 
three days even if kept in tightly closed vessels. Deterioration is not 
accompanied by any marked change in color; hence, the appearance 
of the solution is no indication of its condition. The keeping proper- 
ties of solutions of diaminophenol may be improved slightly by the 
addition of boric acid,’ glycollic * or lactic * acid or tin chloride.* 

Hydroquinone (Hydrochinon, Hydrokinone, Quinol). WHydro- 
quinone, a developing agent of low energy, is quite sensitive to bromide 
and other restrainers, and its activity is greatly reduced by low tem- 
peratures, so much so that it is practically inert below 50° F. (10° C.). 
In negative development, the highlights appear first, then the middle 
tones and lastly the shadows. The tendency, therefore, is towards 
density and contrast rather than detail. 

Hydroquinone is used alone chiefly for work in which extreme con- 
trast and density are required. It may be used with either the alkaline 
carbonates or the caustic alkalis, although the latter are preferred for 
the highest possible density and contrast, while for certain materials, 
the use of para formaldehyde is recommended. 

1 Namias, Prog. Foto., 1921, 45. 

* Crowther, Brit. J. Phot., 67 (1920), 642. 


$Bunel, Bull. Soc. Frang. Phot., 192I, 200. 
*Desalme, Brit. J. Phot., 68 (1921), 350. 


Druce—Stabilizing Solutions of Amidol. Brit. J. Piet. 69 ‘(1922)s Sr 

BRAMER AND ZABRISKIE—Production of Hydroquinone. (Eastman Kodak 
Co.) U.S-P. 1,998,177 of 25.4.34. 

LoBeL AND Bunet—Developer Containing Diaminophenol and p-Phenylene- 
diamine in Bisulphite Solution. Bull. Soc. Franc. Phot., 13 (1926), 
143-147. 
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For general purposes, it is usually combined with metol (mono- 
methyl paraminophenol). 

Chloro- or Brom-Hydroquinone (Chloroquinol, Adurol). As de- 
velopers these substances are similar to hydroquinone but are more 
energetic, particularly at low temperatures, are less sensitive to bromide 
and other restrainers, and have less tendency to fog and stain. For 
negative development, they are usually used in combination with metol. 

Glycin (Athenon). Asa developer, glycin is slow but powerful. It 
is especially notable for the fine grain of the reduced silver and the 
freedom from any tendency to fog even in the absence of an alkaline 
bromide. Unlike other organic developing agents, glycin is not directly 
oxidized by air and does not produce a stain image. It keeps well in 
solution and is especially suited to continuous use in tanks. Glycin 
is frequently used in combination with metol, with paraphenylenedi- 
amine (in fine-grain developers) and with hydroquinone for obtaining 
warm-black tones on chloro-bromide papers. 

Monomethylparaminophenol (Metol, Elon, Rhodol, Photol). Metol 
alone, or in combination with hydroquinone, has been one of the most 
popular of all developers since its introduction by Hauff in 1891. It 
is a rapid, soft-working developer which is only slightly affected by 
the presence of bromide or other restrainers. It has a long useful 
life, and used alone it will develop a larger amount of sensitive ma- 
terial before becoming exhausted than any other agent. 

While metol will develop without an alkali, it is generally used with 
the alkaline carbonates, although borax and other alkalis are employed 
for special purposes. At times, it is difficult to secure sufficient con- 
trast with metol alone; hence, it is usually combined with hydro- 
quinone. Other popular combinations are metol-glycin and metol-pyro. 

Paraminophenol. The free base is only slightly soluble in water ; 
hence, the hydrochloride or sulfate is generally employed. When used 
with the alkaline carbonates, paraminophenol forms a rapid, soft- 
working developer which is notably free from any tendency to produce 
development fog even at temperatures considerably above normal. 


ErmEen—Rodinal Type Developers. Brit. J. Phot., 67 (1920), 611. 

Gray—The Preparation of Concentrated Developing Solutions. Brit. J. 
Phot., 80 (1933), 175. 

ScHERING—Benzyl Para-amidophenol Compounds as Developers. British 
Patent, 20,050 (1907). 

Wutitcock—Concentrated Phenolate Developers. Brit. J. Phot., 83 (1936), 
250-257. 
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Paraminophenol is for this reason especially suitable for high tempera- 
ture development. 

Highly concentrated paraminophenol developers of exceptional 
keeping properties may be prepared by adding paraminophenol hydro- 
chloride or sulfate to a solution of potassium metabisulfite and adding 
sufficient sodium hydroxide to dissolve the precipitated free base. 
Developing preparations of this type have been available commercially 
for years; among the better known are Rodinal, Azol, and Actival. 

Paraphenylenediamine. The developing properties of paraphenyl- 
enediamine were discovered by A. and L. Lumiere and A. Seyewetz 
who recognized its value as a fine-grain developer.> The fine grain 
is due (1) to its solvent action on silver halide and (2) its low reduc- 
tion potential. These two factors prevent full development of the 
latent image thus necessitating an increase in exposure as compared 
with more energetic developers such as paraminophenol and diamino- 
phenol. It is possible that development with paraphenylene diamine is 
largely of the character associated with physical development in which 
silver is deposited on the latent image from a silver-bearing solution. 

The silver deposit is dichroic, ie., black by transmitted light and 
cream-colored by reflected light so that a thin negative frequently ap- 
pears positive by reflected light. The printing density, however, is 
greater than the visual density so that negatives which appear to be 
lacking in density and contrast may be of good printing quality. 

The free base, C,H,(NH.), is slightly alkaline and may be used 
without an alkali; the hydrochloride, C,H,(NH,),:2HCl, however, 
is acid and must be used with an alkali in order to develop. The 


5 Bull. Soc. frang. Phot., 20 (1904), 422. 


BRAMER AND RuGcLEs—Process for Preparing Metol. Kodak Ltd. B.P. 
435,721 (10.11.33). 

ERMEN—Preparation of Monomethyl Paramidophenol Sulphate (Metol). 
Phot. J., 63 (1923), 223. 

Hvusr—Metol-Quinol Developer. Phot. Rund., 63 (1926), 481-487. 

REINDERS AND BeuKers—Metol-Hydroquinone Developers. Phot. J., 74 
(1934), 78. 

LEHMANN AND TauscH—Chemistry of Metol-Quinol Development. Phot. 
Korr., 72 (1935), 175-35 

TSCHIBISSOFF AND TSCHELZOFF—Chemistry of Developers and Develop- 
ment. II. Metol-Quinol Developers and Metoquinone. Kinotech., II 
(1929), 315-321. 

WuitakeR—Manufacture of Monomethyl Para-Aminophenol and its Sul- 
phate. (Industrial Dyestuff Co.) U.S.P. 1,993,253 of 18.9.34. 
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hydrochloride oxidizes less readily than the free base and is more 
soluble in cold water although less so in hot water. Both keep well 
in the dry state if protected from the air. 

Paraphenylenediamine (free base) is supplied under many trade 
names such as Paramine, Diamine, Diamine P. Dianol, etc., and the 
hydrochloride as P.D.H. Diamine H. etc. Both are toxic and produce 
painful skin eruptions on those susceptible. For those affected by 
paraphenylene, the use of rubber gloves appears to be the only pre- 
ventative. 

Pyrogallol. Pyrogallol has been in use longer than any other 
organic developing agent; however, it has a number of disadvantages 
which cause it to be used less and less. It oxidizes readily and the 
yellow oxidation product stains the gelatin so that the useful life of 
a pyrogallol developer is short. In development the oxidation taking 
place in the reduction of the exposed silver halide to metallic silver 
results in the formation of a stain image. Most developers produce a 
stain image but with none of the common developing agents is the 
stain image as intense as with pyrogallol. Its existence can be dem- 
onstrated by reducing a portion of a pyro developed negative in 
Farmer’s reducer. This removes the silver image, leaving a yellow 
image which is composed of the oxidation product formed in the 
process of development. The intensity of the stain image depends 
on the amount of sodium sulfite or other preservative used, the 
amount of solution exposed to air, the temperature, and the degree of 
agitation. It is difficult to control all these factors precisely, and 
therefore, the intensity of the stain image; hence, since the density 
and contrast of the negative vary with the stain image, it is difficult 
to secure as uniform results with pyrogallol as with other developing 
agents. 

Pyrogallol is usually employed with the alkaline carbonates as an 
alkali; in the presence of diaminophenol, however, pyrogallol is capable 
of developing without an alkali.® 


6 Hall, American Photography, 1922, 326; Bunel, Bull. Belge Phot., 44 (1922), 
Tete 


Lowr—Paraphenylenediamine: Free Base or Hydrochloride? Zeiss Maga- 
zine, 2 (1936), 43, 58, 75 and 78. 

WEINLAND—/Phenylenediamine—the Chemical. Camera (Phila.), 49 
(1934), 145. 

SrvewEtz—Use of o-Phenylenediamine for the Development of Fine-grain 
Images. Bull. Soc. Franc. Phot., 23 (1936), 159. 
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Pyro is a very flexible developing agent, much more capable of 
modification than some of the agents which have largely replaced it. 
With concentrated solutions, strong contrast may be obtained while 
with more dilute solutions and a lower concentration of alkali, soft, 
delicate results are produced. Pyro is perhaps most often used alone; 
frequently, however, it is combined with metol or with gylcin. 

Minor Developing Agents.—The following developing agents 
are (1) little used, (2) used only for special purposes or (3) are no 
longer available commercially. 

Edinol. As a developer, Edinol, is similar to metol but less ener- 
getic. It is noticeably free from staining and fogging tendencies. It 
may be used alone, but is more generally employed in combination with 
hydroquinone. It is now seldom employed except by those whose skin 
is affected by metol. 

Eikonigen. This developer is no longer available commercially, 
having been replaced by metol which it resembled in many respects, 
its principal differences being its lower energy, higher rate of oxida- 
tion, and more rapid exhaustion in use. 

Ortol. Used alone, ortol bears a close resemblance to pyro, not only 
as respects the color of the image, which is brownish-black, but in the 
progressive appearance of the image. As with pyro, the highlights 
appear first, followed by the half-tones, and lastly the shadows. This 
gradual building up of the image is quite different from the action of 
metol and other rapid developers in which the highlights, half-tones, 
and shadows appear at very nearly the same time, and density is built 
up later. Ortol, unlike pyro, however, does not stain and keeps much 
better in solution. 

Pyrocatechin (Kachin). Pyrocatechin is a more energetic devel- 
oper than hydroquinone, to which it is closely related chemically. It 
differs from other common organic developing agents in retaining its 
normal developing power in the presence of hypo. This property has 
caused it to be used in processes of combined developing and fixing. 
It is now little used. 


JAcossonN—Properties of the Pyrogallol Developer. Kinotech., II 
(1929), 76. 

ScuuLtes—New Developers Derived from Pyrogallol. Phot. Ind., 34. 
(1936), 896; S.&I.P., 7 (1936), 344. 

SEYEWETZ—Combination of Developers of Phenolic Function with those 
of Amine Function. New Combination of o-Phenylenediamine and 
Pyrocatechol. Bull. Soc. Franc. Phot., 23 (1936), 253. 
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Metoquinone and Chloranol. These are two introductions of A. 
and L. Lumiere.’. Metoquinone is a chemical combination of methyl- 
paraminophenol (metol) and hydroquinone and chloranol a combina- 
tion of paraminophenol and chloro-hydroquinone. Unlike the parent 
substances both develop without an alkali. In this and many other 
respects, they are similar to diaminophenol, but unlike it are quite 
stable in use. Except for Lumiere products, such as the Lumiere 
Autochrom, neither is in general use. Pyramidol a condensation prod- 
uct of paraminophenol and hydroquinone, was introduced by Hauber- 
risser. It was similar to paraminophenol and is no longer available 
commercially. 

Duratol, Monomet, Neol, Hydramine. These are all no longer 
obtainable. Duratol (Benzyl paraminophenol) was introduced by 
Schering in 1910 as a substitute for methylparaminophenol, as was 
monomet (paraminothocresol hydrochloride) introduced by the White 
Band Company in 1916. Neol (paraminosalicylic acid) was intro- 
duced by Hauff in 1918 as a compensating developer permitting the 
correction of considerable overexposure.’ Hydramine, a condensation 
product of hydroquinone and paraphenylene diamine, was introduced 
by A. and L. Lumiere in 1899.° 


Solubility of Developing Agents. 


Solubility in Solubility in 
Water at 60° F. 5% Na2SOs 
Agent sec.) and NasCOs3 
Miaminophbenols asec revs te ei. seve Tin 4 
SET Chin Ol eee Datei aerate Cee Le nurse aaa, setts ca ewer 15.9 gm. per liter 9.7 gm. liter 
BS acOnig em meyer ens sce artclsnc paneer: Guns iS I a Neceettn Soe 
BS Gly CINI ee nr nt oy NE es wea Paste hae. Flay's O23 ee TO Oia ae 
ASCO TUNNO NS. doanbeoanasuecepf om oboe Eg ake Lg cpio 
SINC CL OMNES Coen © meme aan ee a Troe ae ie hc gee 
Ortol 
*Paraminophenol (base) HCl............ Be MESS wit ee ong cam, 0 
RP rOcCavec lime ae qe ete eric cy anetraer sere 323 et see Oo yf alee ae 
/EAGROM tn cate cdo MOE Goin pa eee OAH were, eS eins AUS cee 


Paraphenylenediamine 

* Kail, Phot. Korr., 1921, Festnummer. 

Keeping Properties of Developers in Solution—The keeping 
properties of a developing solution depend upon the developing agent, 


7 Bull. Soc. frang. Phot., 1903, 231. 
8 B.P. 154,198 of 1918. Luppo-Cramer, Phot. Korr., 1920, p. 270. 
9 Bull. Soc. frang. Phot., 1899, 135. 
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the concentration of sulfite, and in certain cases, as with pyrogallol, the 
acidity of the solution. No investigations of the rate of oxidation with 
different developing agents using a constant concentration of sulfite 
appear to have been made. Milbauer *° studied the rate of oxidation 
of various developing agents using typical formulae. The order of 
stability was found to be as follows: glycin (best), chloro-hydroqui- 
none, metol, eikonigen, ortol, hydroquinone, diaminophenol and lastly 
pyrogallol. 

The rate of deterioration of developing solutions was studied also 
by Hubl*+ who placed the different agents in the following order: 
metol-hydroquinone (best), glycin, pyrocatechin, chloro-hydroquinone, 
metol, hydroquinone, and lastly pyrogallol. 

The Relative Reducing Energy of Developing Agents.—The 
relative reducing energy, or reduction potential, of the different de- 
velopers has been measured in various ways, but chiefly by the depres- 
sion in density produced by a given concentration of soluble bromide.*? 

Taking the bromide concentration required to produce a given 
density depression with hydroquinone as unity, Nietz obtained the 
following values as representing the reduction potentials of some 
of the developing agents. 


p-phenylene diamine hydrochloride (no alkali) .............. 0.3 
p-phenylene diamine hydrochloride (with alkali) ............. 0.4 

PAV CLOG IIT OL mete ecerts See Sire oles cm Gees ee Cee 1.0 (Standard) 
Depheny le ody. cinwettee wees tiesto ee wate aveie he creel eeclckee Sieee 1.6 
D-amidopnenole (hydrochloride) s.scdsecmee sae eies meee eee 6.0 
Chiorohydrochinony (aduxol))) saceeecawl ds eceieee ncece a eieiciare 7.0 
Monomethyl p-aminophenol sulphate (metol) ................ 20.0 
Diamidophenole(amidok): ema eee eee ee ele eee eee eee 30-40 


Differences among Developing Agents with Respect to Tresh- 
old Speed.—The various developing agents differ in the minimum 
light exposure rendered visible upon development. Of the common 
organic developing agents, methylaminophenol (elon, metol, etc.) re- 
sults in the highest threshold speed and pyrogallol, the lowest. In 
general, the order in which developing agents are placed in this respect 


10 Phot. Korr., p. 682. 


Entwicklung der photographischen Bromsilbergelatineplatten, W. Knapp 
Halle a/S 1922. 

12 Bredig, Eder’s Jahrbuch, 9 (1805), 19. Sheppard and Mees, Investigations 
on the Theory of the Photographic Process, Longmans Green, London, 1903. 
Nietz, Theory of Development, D. Van Nostrand Co., New York, 1922. 
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is the same as their reduction potential and it is possible that there is 
some connection between the two."® 

The difference between developing agents is largely independent of 
the composition of the developer. The differences are more marked 
in the case of process and positive materials than with those of higher 
speed. 

Differences in Developing Agents as Respects Fogging Prop- 
erties——The fog characteristic of a developer may be defined as 
the ratio of the rate at which the image is developed and that at which 
fog appears.'* 

The fog characteristic depends upon so many factors that it is diffi- 
cult to determine values for the developing agents directly except under 
certain narrowly defined conditions which in many cases are not di- 
rectly applicable to those of practical photography. In general, how- 
ever, it may be said that there appears to be no connection between the 
fog characteristic and the reduction potential of a developing agent. 
Thus hydroquinone, pyro, metol and diaminophenol represent a series 
with increasing reduction potential, but with fogging tendencies in the 
reverse order.* Paraminophenol is exceptionally free from any tend- 
ency to produce fog even at high temperatures. According to Sche- 
berstow, it has the lowest fog ratio of any of the organic developing 
agents in general use. It is probable that the fogging tendencies of 
some developing agents are increased by the impurities found in the 
commercial product and by oxidation products which in some cases 
tend to produce fog.*® 

Mees and Piper found that fog is practically independent of the 
concentration of alkali—a conclusion at variance with the commonly 
accepted opinion—but increases rapidly with an increase in the con- 
centration of sulfite up to a maximum, which varies with different 
developing agents. Beyond this point, the increase is slight. The 
tendency of a developer to produce fog almost invariably increases 
with the dilution owing to the increased oxidation which results in 
aerial or oxidation fog.*" 

18 Bullock, Sci. Ind. Phot., 6M (1926), 33, 41; 7 (1927), 5, 9. 

14 Scheberstow, Sci. et Ind. Phot., 6 (1935), 208. 

Shiberstoff, Bull. Soc. frang. Phot., 22 (1935), 200. 

15 Nietz, Theory of Development, D. Van Nostrand Co., New York, 1922. 

16 Crabtree, “ Chemical Fog,” American Annual of Photography, 1919. 

17 Mees and Piper, 51 (1911), 226; 52 (1912), 221. 


DuNnpoN AND CRABTREE—Fogging Properties of Developers. Brit. J. 


Phot., 71 (1924), 701,.719. 
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Differences in Developing Agents with Respect to Rate of Ex- 
haustion.— With all developing agents, there is a loss in activity 
with use. This loss in activity affects development in two ways: 
(1) longer development is required to reach a given degree of con- 
trast or gamma, and (2) the lower densities are less fully developed 
tending to produce the effect of underexposure. 

The effect of repeated use on density with different developing 
agents using a standard formula was investigated by Strauss who 
found that 28 metol has the longest useful life, followed in order by 
paraminophenol, edinol, ortol, chloro-hydroquinone, glycin, pyrocate- 
chin and, much worse than the others, pyro. 

Ermen investigated the exhaustion gf developers using the time of 
appearance on developing papers.*® His results placed the different 
developing agents in the following order: metol (best), dimethylamino- 
phenol, paraminophenol, metol-chlorohydroquinone, chloro-hydroqui- 
none, and lastly hydroquinone. 

The Preservative.—All organic developing agents have a strong 
affinity for oxygen; it is necessary, therefore, to add to developing 
solutions a preservative to lessen the rate of oxidation, thereby pre- 
serving the developing agent and preventing the formation of colored 
oxidation products which stain the gelatin. 

Sodium sulfite, desiccated (Na,SO,) is the preservative in general 
use in this country; in England, and to a limited degree elsewhere, 
the crystal form (Na,SO,°:7H.O) is employed. Practically, one part 
of the former is equivalent to two parts of the latter. The corre- 
sponding potassium and ammonium salts are rarely used. 

Sodium sulfite is occasionally replaced wholly, or in part, by sodium 
bisulfite (NaHSO,) an acid sulfite which in an alkaline developer is 
converted into sodium sulfite and sodium bicarbonate. Developers 
containing bisulfite give slightly less fog than those containing sulfite 
only, but the reason for this is unknown. 

The manner in which a developing agent is protected from oxidation 
by a sulfite is somewhat obscure, but it appears probable that the sulfite 
combines with the developing agent to form a complex sulfonate of the 
developer which is oxidized less readily in the presence of oxygen than 
either the developing agent or the sulfite alone. 

According to Rzymkowski,?° the first stage in the oxidation of a 

18 Phot. Ind., 1925, 300. 

19 Brit, J. Phot., 68 (1921), 64. 

20 Phot. Ind., 26, 1928, 627. 
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developer containing sulfite by the oxygen of the air is the formation 
of a sulfate and a thiosulfuric acid derivative of the developing sub- 
stance, R-S—SO,H, which is then hydrolysed to the hypothetical com- 
pound R-SOH. The easily oxidizable SOH group is selectively con- 
verted to the sulfonic group SO,H, and in this manner the active 
groups of the developing substance are protected from oxidation. 

Sulfite in protecting the developing agent from oxidation reduces 
the colored substances formed by the oxidation of the developing 
agent to colorless substances, so that the oxidized products of the 
developing agent in the presence of sulfite are not the same as when 
the sulfite is absent. 

The quantity of preservative employed varies greatly; among the 
factors determining the amount required are: 

1. The susceptibility of the developing agent, or agents, to oxidation. 
Developing agents vary considerably in resistance to oxidation, ranging 
from pyrogallol, which in an aqueous solution is completely oxidized 
within a few hours, to glycin which is oxidized only very slowly. The 
more readily the developing agent accepts oxygen from the air, the 
greater the amount of preservative required for satisfactory keeping 
properties in solution. 

2. The concentration of the developer. The amount of preservative 
required for a dilute developer is greater than for a more concentrated 
solution because the proportion of the developing agent to the available 
oxygen is less, thus rendering necessary an increased amount of the 
preservative to insure satisfactory keeping properties. 

3. The temperature at which the developer is kept. The rate of oxi- 
dation increases with the temperature; consequently, a developer used 
at a temperature above normal requires a larger amount of preserva- 
tive. 


Evans anp Hanson—Reduction Potential and Photographic Developers: 
The Effect of Sulphite in Developer Solutions. J. Phys. Chem., 41 
(1937), 509. 

Pinnow—Behaviour and Function of Sulphite in Developing Solutions. 
Pee Runde GOON ClO22))ye27e 

Rao AND PanpAaLAi—Sodium Sulphite in Developing Solutions. Nature, 
131 (1933), 100. 

RzymMxkowski—Behaviour of Sulphite in Photographic Developers. Phot. 
Ind. (1928), 627. 

WEINLAND—Sodium Sulphite—the Chemical. Camera (Phila.), 52 
(1936), 289. 

Scu1eL—Sodium Sulphite in Developers. Phot. Rund., 65 (1928), 101-104. 
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4. The keeping properties required and the way in which the solution 
is used. Developers which are used once in a tray and then discarded 
naturally do not need to keep so well as those designed for use in tanks 
over a long period of time. On the other hand, the conditions under 
which the developer is used may favor rapid oxidation of the solution. 
The amount of oxidation, for example, is relatively greater in tray 
development than in a tank because a larger proportion of the solution 
is exposed to air. In certain of the processing machines used in mo- 
tion picture film processing and photo-finishing, film is exposed to the 
air for some time in transfer from one tank to another or in passing 
over loops above the surface of the solution. In such cases, an in- 
creased amount of the preservative is required to prevent rapid oxida- 
tion of the developer and oxidation fog. 

5. The alkalinity of the solution. The more strongly alkaline the 
developer, the more rapid the rate of oxidation; for satisfactory keep- 
ing properties it is necessary, therefore, to use an increased amount of 
preservative. Under given conditions, a larger amount of preservative 
is required with the caustic alkalis than with alkaline carbonates. 

Insufficient amounts of the preservative result in rapid oxidation of 
the developer causing (1) a loss in developing power, (2) the forma- 
tion of colored oxidation products which stain the gelatin and (3) oxi- 
dation fog. 

Large amounts of the preservative improve the keeping properties 
of the developer but increase the time of development and reduce the 
effective emulsion speed through the solvent action on silver bromide. 

The Alkali—The developing agents may be regarded as pseudo- 
acids dissociating only slightly in solution. The addition of an alkali 
increases the degree of dissociation and increases the number of 
developing ions available for the reduction of the silver halide, thus 
accelerating the rate of development. In the case of hydroquinone, 


Oe Ne 


NaOH 
= 2H:0 


Ke NaOH () «=> Nav 


The alkalies commonly employed in organic developers are the alka- 
line carbonates (such as sodium and potassium carbonate), the caustic 
alkalis, and for special purposes, the basic phosphates such as sodium 
tribasic phosphate and the borates and meta-borates. 
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Sodium carbonate is available in three forms, crystals (Na,CO,° 
10H,O), the monohydrate (Na,CO;:H,O) and the desiccated 
(Na,CO;). One part of desiccated carbonate is equivalent to ap- 
proximately 2.5 parts of the crystal form, while practically 17 per 
cent more of the monohydrate is required than of the desiccated. 

Potassium carbonate is more soluble than sodium carbonate which 
is an advantage in preparing concentrated developers. However, it 
is more costly and the dry chemical has the disadvantage of absorbing 
water readily. Experience has indicated that it may be substituted 
for the sodium salt on a basis of molecular weight, ie., 30 parts of 
potassium carbonate for 23 parts of sodium carbonate.?? 

The caustic alkalis are used chiefly with developers of low energy, 
such as hydroquinone, where high density and contrast are required. 
Both sodium and potassium hydroxide must be protected from the air 
as they absorb moisture and carbon dioxide. Both should be dissolved 
in cold water for, as considerable heat is involved in mixing, the solu- 
tion may boil and spatter on the hands, causing serious burns. Fifty- 
six parts of potassium hydroxide are chemically equivalent to forty 
parts of sodium hydroxide. 

The caustic alkalis promote the swelling of gelatin to a greater de- 
gree than do the alkaline carbonates. The latter are preferable, there- 
fore, on this account and also because of their greater convenience in 
handling. 

Borax (Na,B,O,°10H,O) is a weak alkali which is used in the so- 
called fine-grain developers where a solution of low alkalinity is de- 
sired. While it would seem possible to secure the same results with an 
equivalent quantity of sodium carbonate, in practice borax has proved 
more satisfactory. 

The use of tribasic sodium or potassium phosphate as an alkali was 
recommended by A. and L. Lumiere and A. Seyewetz ?? in 1895 who 


21 Sheppard and Anderson, Brit. J. Phot., 72 (1925), 232. 
22 Bull. Soc. franc. Phot., 1895. 


Luppro-CRAMER—Sodium and Potassium Carbonates in the Developer. 
Phot. Rund., 64 (1927), 202-204. 

SEYEWETZ AND SzymMson—lInfluence of the Nature and Proportion of the 
Alkali on the Reducing Power of Photographic Developers. Bull. 
Soc. Franc. Phot., 21 (1934), 236, 250. 

SHEPPARD AND ANDERSON—Equivalence of Sodium and Potassium Car- 
bonates in Developers. Brit. J. Phot., 72 (1925), 232. 

Wartt—The Alkalis in Development. Amer. Phot., (1922) 481; Brit. J. 
Phot., 69 (1922), 634. 
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claimed that, as compared with the alkaline carbonates, the tribasic 
phosphates show less tendency to cause stain and softening of the gela- 
tin. In recent years, it has found some favor in fine-grain developer 
formulas. The tribasic phosphates may be used with any developing 
agent except those in which its solubility is too low, as is the case with 
paraminophenol. 

With phenolic developers, it is possible to replace the usual alkalis 
with a substance, such as acetone (CH,CO-CH,), which will facilitate 
the dissociation of sodium sulfite into sodium bisulfite and caustic soda, 
thereby providing the alkali necessary for the formation of the phe- 
nolate which is the actual developing agent. 

In the case of hydroquinone, the reaction is probably: 


2CH,-CO-CH, + 2Na,SO, + C,H,-OH-OH = 
2(CH,-CO-CH,NaHSO,) + C,H,-ONa-ONa.” 


The principal advantages of acetone are its freedom of any tendency 
to cause fog or swelling of the gelatin and slightly less stain with 
staining developers such as pyro; it is now seldom used. 

Formaldehyde is employed almost exclusively in conjunction with 
hydroquinone in the preparation of developers designed for producing 
maximum density and contrast on sensitive materials intended for 
photo-mechanical purposes. Chemically, its action is comparable to 
that of acetone. 

Effect of an Alkaline Bromide in Development.—The presence 
of an alkaline bromide, such as potassium bromide, lowers the degree 
of ionization of silver bromide, and by reducing the concentration of 
silver cations restrains development. The effect of an alkaline bromide 
on development is shown in Fig. 138. It is evident that with increased 
times of development not only the slope of the straight-line portion of 
the D log E curve increases but that it shifts towards the left so that 
speed increases with the gamma. 

The restraining effect of an alkaline bromide is more marked with 
developers of low energy, such as hydroquinone, than with the more 
energetic, such as metol. The depression in density resulting from an 
alkaline bromide is for any particular developing agent approximately 
proportional to the logarithm of the bromide content and is equivalent 
practically to reducing the effective speed of the emulsion. The effect, 
however, becomes less marked as the time of development is increased. 

An alkaline bromide is added to developing solutions chiefly for the 


23 Seyewetz, Le Negatif en Photographie. 
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purpose of preventing fog. The restraining effect of bromide is 
greater on fog than on the latent photographic image; however, since 
modern negative materials almost invariably contain free bromide, and 
restraining substances are formed in the process of development, a 
restrainer is omitted in many developing formulas and the solution 
“conditioned” before use by developing waste film, or by adding a 
small quantity of used developer. The restraining products added in 
this manner are more effective in preventing fog than is potassium 
bromide. 

A number of organic substances have been discovered which, for a 
given depression of density, are more effective in preventing fog than 
is potassium bromide. These, however, have not come into general 
tise .es 

The restraining effect of bromide on fog enables development to be 
carried to a higher contrast ; hence, to obtain the highest possible con- 
trast in any particular emulsion, a comparatively high concentration of 
bromide is an advantage. This is particularly the case with sensitive 
materials of the process type. 

Effect of Use on Developing Solutions.—With use, a developing 
solution becomes slower in action as a result of (1) depletion of the 
developing agent, or agents, and (2) the restraining effect of by- 
products of the process of development in the form of sodium bromide, 
sodium iodide, and developer oxidation products. Some of the sulfite 
is used up in combining with the oxidation products of the developing 
agent, but in view of the relatively large quantity of sulfite present in 
most developers, the decrease is insignificant. Only a small part of the 
total quantity of alkali is used up in development. 

The by-products of development which accumulate in a used devel- 
oping solution retard development and increase the time of develop- 
ment necessary for a given density and contrast. If present in more 
than a limited amount, development is so greatly restrained as to reduce 

24 Trivelli, A. P. H., and Jensen, E. C., J. Frank. Institute, 210 (1930), 287; 


(1931), 155. Wulff, U.S.P. 1,696,830. Citrates, tartrates and boro-tartrates act 
similarly to potassium bromide. Lobel, Bull. Soc. frang. Phot., 1928, 167. 


Loge, AND LEeFEvrE—Action of Citric Acid on Metol-Quinol Developer. 
Bull. Soc. Franc. Phot., 14 (1927), 48-50. 

Loset—Tartrates and Boro-tartrates as Restrainers. S.&I.P. Inf. Cine., 8 
(1928), 73. 

Staup AND Dunpon—Photographic Developer Containing an Antifogging 
Agent. (Eastman Kodak Co.) U.S.P. 2,080,017 of 5.7.35. 
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the density of the highlights and shadows of the image even upon pro- 
longed development, resulting practically in a loss in effective emulsion 
speed. A used developer, therefore, is incapable of getting the most 
out of an exposure, and a normally exposed image developed in a 
used solution appears to be underexposed. 

In general, developing agents, such as metol, with a high reduction 
potential are less sensitive to the restraining effect of developer by- 
products than those of low potential such as hydroquinone and glycin. 

The loss in density and contrast due to partial exhaustion of the 
developing solution may be overcome to a certain extent by the addi- 
tion of a replenishing solution, which may be either a solution of the 
same composition as the original formula, but without bromide, or a 
more concentrated solution containing a larger proportion of the devel- 
oping agent, or agents, and alkali. It is not possible, regardless of the 
composition of the replenishing solution, or the conditions of replenish- 
ment, to bring a partially exhausted developing solution back to its 
original condition. However, with suitable replenishment the period 
over which a developing solution may be used without involving an 
excessive loss in the density and contrast of the image may be greatly 
extended. 

In motion-picture processing, where the technique of developer re- 
plenishment is most highly advanced, the developing solution is usually 
circulated through a large auxiliary storage tank and a certain pro- 
portion of the total volume is replaced constantly with fresh solution. 
In some cases, however, fresh developer is allowed to flow into the 
developing tank near the point at which the undeveloped film enters 
and the partially exhausted developer is drawn off from the point 
where the film leaves the developing tank. Experiments have shown 
that if development is begun in a fresh solution, the film may be trans- 
ferred to a partially exhausted solution as soon as the shadow detail 
has appeared, without loss of effective exposure. In other words, once 
the detail in the shadows has appeared, a partially exhausted solution 
is capable of building up the density and contrast required for good 
negative quality. 


Bianrty—Method of Removal of Excess Halides from Photographic De- 
veloping Baths. U.S.P. 2,073,621 of 6.10.33. 

Harvey, WoosLtey aAnp Batnes—Exhaustion and Regeneration of De- 
velopers. Proc. Ninth Int. Congress of Phot., Paris, 1935. S.&I.P. 
CIT), 6 (1935), 300. 

WEISBERG (GREENWALD)—Regeneration of Photographic Developer Solu- 
tions. U.S.P. 2,073,664 of 9.9.33. 
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In small-scale processing the usual method is to maintain the level 
of the solution in the tank through the addition, from time to time, of 
a replenishing solution which contains sufficient of the developing 
agent, or agents, and alkali to offset the restraining action of the 
developer reaction products. Only sufficient sulfite need be added 
to insure satisfactory keeping properties of the replenishing solution. 

By adding sufficient replenishing solution to maintain the level of 
the developing solution in the tank, the replenishing solution added is 
equal in volume to that of the developer which has been removed from 
the tank on the sensitive material. This in turn is directly proportional 
to the amount of material processed ; hence, the amount of replenishing 
solution added is directly proportional to the amount of sensitive 
material which has been developed. 

The only satisfactory method of determining the best formula and 
the amount of replenishing solution required is by actual photographic 
tests made by developing sensitive material under known conditions. 

Testing the Condition of a Developing Solution.—One of the 
most satisfactory methods of determining the condition of a developer 
is to secure a number of test negatives which have all received the 
same exposure and develop one of these for the average time in the 
fresh solution as a standard. Tests of the condition of the developing 
solution may be made from time to time by developing one of the 
negatives and comparing it with the standard. When it is evident 
that there is a loss in negative density and shadow detail, the solution 
should be replenished. The amount of replenisher necessary may be 
determined by developing another test negative for the standard time. 
The amount of the replenisher solution added should be sufficient to 
produce with this standard time of development a test negative which 
matches the standard. 

The supply of test negatives required for testing the condition of 
the developing solution is conveniently made by contact printing from 
a master positive. 

A variation of the above method consists in developing a standard 
exposure for a definite time, stopping development instantly with a 
stop bath containing acetic acid and potassium iodide and comparing 
the image so obtained with a previously prepared standard, The com- 
position of the stop bath is as follows: ”° 


25 Dundon, Capstaff and Brown, J. of the Soc. of Mot. Pict. Eng., 14 (April, 
1930), 389. 
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Potassitinm todide. tc wane meee ete sae errr ere 20 grams 
Glacialiacetioractd. jc no ec asic ie eee ieee hee 20 cc. 
Potassium alumnae ee oon eee ieee eee 40 grams 
Sodiumisulttte.., oi. aoe os ne ee ee ee i tee I gram 
Wa fepitOrtrialce ran stous shot cisicn en sere toler eee tates epee 1 liter 


The acetic acid instantly stops the action of the developer and the 
iodide converts the undeveloped silver bromide to silver iodide which 
is not darkened by light. The alum serves to harden the film and the 
sulfite prevents the solution from becoming colored because of the 
action of light on the potassium iodide. The bath can be used re- 
peatedly as long as it remains acid. 

The method of making the test is as follows: A strip of film or 
bromide paper containing a standard exposure, preferably a print 
from a step-tablet is quickly dipped into the developer and the time 
noted. While in the developing solution, it should be kept in motion 
to prevent non-uniform development. When testing a fresh solution 
the strip should be examined from time to time and removed from the 
developer when all except the last exposure step is visible. This time 
constitutes the standard. The strip should be removed immediately 
and placed in the stop bath. It may be examined in a bright light 
within Io to 15 seconds after having been placed in the stop bath. 

To determine the degree of exhaustion of a developing solution, a 
similar test strip should be developed for the standard time and, after 
immersion in the stop bath, compared with the strip developed in a 
fresh solution. The loss in density and shadow detail is easily seen. 

The advantage of the dip test is that little time is required—three 
or four minutes being sufficient—and the differences are more readily 
seen than in a developed and fixed negative. With a little experience, 
a mere glance at the test strip is usually sufficient for an exact com- 
parison. 

Sensitometric Control of Processing.—In the processing of mo- 
tion picture film sensitometric methods of developer testing and control 
are employed exclusively. The method employed is as follows: the 
time of development is first found by developing a number of sensito- 
metric strips for different times, measuring the degree of development 
or gamma for each of the strips and determining from the time gamma 
curve the time of development necessary for the desired gamma. Then 
at half-hour intervals, other sensitometric strips are developed, the 


CRABTREE—Photographic Methods of Testing Developers. American An- 
nual of Photography (1922), p. 184. 
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results plotted, and the value of gamma ascertained. If the gamma 
of the test or “ control ” strip is less than that accepted as the standard, 
more replenisher solution is added to the developer to bring the solution 
up to the desired condition. 

Measurements to determine the consistency of density (in other 
words, to detect any loss in effective emulsion speed due to the partial 
exhaustion of the developing solution) are made by comparing the 
density for a given exposure on the sensitometric test strip to that 
on the sensitometric strip regarded as the standard. Obviously, if 
the developing solution is so controlled as to maintain a uniform gamma 
and density for given exposure, negative quality likewise should be 
uniform. 

The time and labor involved in sensitometric control render such 
methods suitable only in large scale production. 


CHAPTER XIV 


NEGATIVE DEVELOPMENT 


The Time of Development.—The time of development is deter- 
mined by (1) the degree of development, or y, desired and (2) by the 
time of development required under given conditions to reach that 
gamma. 

The effect of increasing the degree of development, or y, is to in- 
crease the density scale, or contrast, of the negative, hence, the degree 
of development depends upon the density scale desired in the negative. 
This in turn depends upon: 


1. The exposure scale of the paper. 


The longer the exposure scale of the paper (lower contrast) 
on which the print is to be made, the greater the range of 
density required in the negative. 


2. The manner of printing. 


Projection printing tends to increase the contrast of the print 
particularly if condensing lenses are used, so that, in general, 
negatives should have rather less contrast for projection print- 
ing than for contact printing. 


3. The brightness range, or contrast, of the subject. 


As the brightness range of the subject increases, the degree of 
development, or y, required to produce any given range of 
densities in the negative becomes less and less. Thus, assum- 
ing that the print is to be made on a particular printing paper, 
negatives of subjects having an extended brightness range such 
as landscapes including figures beneath trees and open sky, 
snow scenes with dark objects or shadows near the camera and 
many interiors, require a lower gamma than subjects of low 
contrast, as for example, open landscapes, ordinary landscape 
on dull day, water and sky, old and weatherbeaten buildings in 
dull light, athletic events in the open, ete. 


The time of development required to reach any given gamma depends 


upon: 
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1. The developer. 
This involves (1) the formula and (2) its previous history; ice. 
whether fresh or used and, in case of the latter, the degree of 
exhaustion. 

2. The conditions of development. 
Included under this head, are such factors as degree of agitation 
and temperature. 

3. The developing speed of the film or plate. 
Sensitive materials differ considerably in the time of develop- 
ment required to attain a given stage of contrast. Comparative 
values for most negative materials may be obtained from the 
Burroughs Welcome Diary and Exposure Guide, published 
annually. 


Effect of Temperature on Development.—The effect of a given 
change in temperature on the time of development for a constant 
gamma is termed the temperature coefficient. The temperature co- 
efficient, represents the difference in the time of development for a 
constant gamma at a temperature difference of either 10° C. or 18° F. 
The temperature coefficient depends chiefly upon the developing agent ; 
but variations in the proportion of alkali to the developing agent, the 
nature of the alkali, and the amount of soluble bromide present in the 
developer have to be considered in determining the temperature co- 
efficient for any particular developing formula. 

The temperature coefficients of a few of the more common develop- 
ing agents are as follows: 


Py LO-SOdaewithoute DhOmMmdey siradsciie arereucorstets ele ere ekeiereaiel seaeiienc oxen 1.5 
IPVEO=SOdAL Within DLOMMNG eS cect heros eines toreteereinaceeraiaree ot ore tenrions 1.9 
Rodinaleazolmcertinal’: 6f Coast aa cece cetera ier ocretoLotele steers 1.9 

Gili Ct rane yoke costs (ol neta ieee ey uel ane ore RRA Sie oe ere cede ais clea seeksunenvene vets 2.3 
LSA i6y ek Ae ere eC rate Cy RP ar Oe ar OMe RRC 2.2 
Pyro-soda (Watkins thermo formula), no bromide .................. 1.5 
Pyro-soda (Watkins thermo formula), with bromide ................ 1.9 
Metol-hydrochinone (Watkins thermo formula) ..............-..005 1.9 

PT VCEGCRUION becca ecpe eC his wrnies aisle « 518 Meola le ete eeatery ole dis ein.o'elsieie sheintarate 1.4 -2.25 
OSS) Vee eee CO a aOR RE OCS NORE Smee acid derorc 2.06 


The use of developing agents of low energy, such as hydroquinone, 
at low temperatures may result in incomplete development, producing 
the effect of underexposure. 

With a developing solution containing two developing agents one 
of which is highly sensitive to temperature changes, in other words 
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having a high temperature coefficient and one having a lower tempera- 
ture coefficient—not only the time but the character of development 
changes with the temperature. Thus in an elon-hydroquinone de- 
veloper, only the elon functions actively as a developer at low tem- 
peratures, since hydroquinone is active as a developer only at tempera- 
tures 60° F. and higher. Elon-hydroquinone developer, therefore, 
should not be used at a temperature below 55° 

Developing at a high temperature has a number of practical disad- 
vantages; (1) the tendency of the developing solution to fog is in- 
creased; (2) the developing solution oxidizes more rapidly, which 
increases the tendency to stain and results in more rapid exhaustion 
of the developer; and (3) the gelatin swells excessively, which leads 
to blistering, frilling and reticulation of the film.t 

Calculating the Time of Development at Different Tempera- 
tures and the Temperature Coefficient—The simplest method of 
calculating the temperature coefficient is that indicated by Watkins.? 
A film is exposed and divided in half (or two identical exposures 
made). One of these is developed at any convenient temperature and 
the time of appearance noted. The other is developed at a temperature 
several degrees higher or lower, whichever is more convenient, pro- 
vided that the lowest temperature is not under 55° F. and the highest 
above 75° F. The time of appearance at this temperature is noted 
also. 

The temperature coefficient may now be determined from the fol- 
lowing equation: 


(log Ta—log ta) X 10 
Por f° 
log of T.C. for temperature difference of 10° C. (18° F.) 


In other words, the difference in the logarithms of the two times of 
appearance, multiplied by 1o and divided by the difference in degrees 
C. of the two temperatures, is equal to the logarithm of the tempera- 
ture coefficient. 

A very ingeneous method devised by Alfred Watkins is even sim- 
pler. The times of appearance having been found for two different 
temperatures, a slip of paper is laid on the log scale of Fig. 165 and 


1 Technique of developing at high temperature. See page 325. 
2 Watkins Manual. 
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the times of appearance marked off against the corresponding values 
of the log scale. Beneath the marks are placed the respective tem- 
peratures. This slip of paper is then laid on the fan-shaped diagram 
and adjusted so that the two marks cut the lines of the two tempera- 
tures, the edge of the paper being along one of the horizontal lines. 
The point at which the paper intersects the radial temperature lines is 
marked with the temperature coefficient. 

The time of development at various temperatures may now be found 
quite simply. Place the edge of a sheet of paper on the horizontal 
line corresponding to the temperature coefficient and mark off the 
points of intersection with the temperature lines. Transfer this scale 
to the log scale at the bottom of the diagram, placing opposite the time 
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of development in minutes the corresponding temperature at which 
the test was made. The times of development at other temperatures 
may now be written down directly from the scale. 

If the time of development for a constant gamma at two tempera- 


BoucHEer—Control of Negative Contrast by Dilution of the Developer. 
Amer, Ann. Phot., 51 (1937), 23. 

Nretz AND WuHuITAKER—Effects of Dilution and Stirring of a Photo- 
graphic Developer. Brit. J. Phot., 73 (1926), 630-632, 645-6 
660-661, 676-677. oe aa 
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tures is known, a straight line drawn through these points when plotted 
on a log scale of time of development as the ordinates and an even 
scale of temperatures as the abscissae will indicate the time of de- 
velopment at intermediate points (Fig. 166). 

Effect of Dilution on Developers.—Slight dilution of the de- 
veloper affects principally the time of development and its fogging 
tendencies ; with greatly diluted developers the character of the image 
is modified and it is not possible to obtain the same result as with an 
appropriate time of development in a more concentrated solution. 

Very dilute developers produce images of soft gradation and, gen- 
erally speaking, it is not possible to obtain images of the same vigor 
and density as with concentrated solutions however much the time of 
development may be increased. With an extremely weak solution, 
development is confined more or less to the upper layers of the emul- 
sion, due to the exhaustion of the developer in penetrating the emulsion 
and the restraining influence of the by-products of development. 

Extremely dilute developers are capable, therefore, of developing 
more or less completely the shadow portions of the image, but are 
incapable of developing the highlight areas fully and thus lead to 
negatives of soft gradation. Certain practices of development em- 
ployed for obtaining images of soft gradation from contrast subjects 
make practical applications of this principle. (See p. 331.) 

The time of development for a given contrast (gamma) is not 
directly proportional to the dilution, except in the case of developing 
agents which are not directly oxidized by air. The only important 
example of a developing agent which is not oxidized directly is glycin, 
and with glycin developers the time is almost directly proportional to 
the concentration of the developer, except when considerably diluted. 
With organic developing agents other than glycin, the oxidation oc- 
curring within the solution results in the concentration of the develop- 
ing agent being less than that indicated by the degree of dilution. 
Hence, the time of development, for the same negative contrast 
(gamma), is not directly proportional to the dilution, but is somewhat 
greater, depending upon the developing agent and the conditions of 
development. 

While there appears to be no direct relationship between the con- 
centration of the developer and its fogging tendencies, fog tends to 
increase both with highly concentrated or with extremely dilute de- 


3 Stokes, Brit. J. Phot., 68 (1921), 97. 
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velopers. The increased fogging tendency of dilute developers is 
probably due to oxidation fog. 

Agitation—In a stagnant developer, the by-products of the 
reaction remain close to the place of formation and restrain develop- 
ment. Agitation removes the restraining substances from the im- 
mediate vicinity of the film or plate and in so doing increases the rate 
of development. Hence, the time of development required to reach 
a given gamma with a particular developer and sensitive material 
varies with the degree of agitation. The time of development is less, 
for example, in a vigorously rocked tray than with the same developer 
in a tank because of the more efficient agitation of the developing solu- 
tion. Likewise, the substitution of continuous agitation by mechanical 
means for intermittent agitation by hand (such as lifting the hangers 
carrying the film out of the solution and replacing) increases the rate 
of development and shortens the time 
necessary to attain a given gamma. 

Insufficient agitation may also give 
rise to variations in density which 
are the direct result of inequalities in 
development. In the case of a film 
or plate developed in a vertical posi- 
tion and without sufficient agitation, 
the reaction products released from 
an area of high density on diffusing 
downwards along the surface may 
restrain development in the adjacent 
Fic, 167. Example of Direc- portions of the image producing 


tional Development. From Mo- streaks such as those shown. in Fig. 
tion Picture Laboratory Manual. 


Eatewan Bod Cos goat. 167. This is more apt to occur when 

a high density is adjacent to and 
above an area of lower density. In the case of development in a hori- 
zontal position, lack of agitation, through the operation of the same 
principle may result in a silhouette effect. This phenomenon is known 
as the Mackie line after Alexander Mackie who explained the cause 
of such variations in density in the developed image. 


CraBTrEE—Directional Effects in Continuous Film Processing. J. Soc. 
Mot. Pict. Eng., 18 (1932), 207. 

CRrABTREE—Uniformity of Photographic Development. J. Soc. Mot. Pict. 
Eng., 25 (1935), 512. 

SMETHURST—Developer Agitation in Plate Tanks. Brit. J. Phot 84 
(1937), 664. 
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Similar effects may be produced by agitation in one direction only. 
Such conditions apply particularly to the continuous processing 
machines employed in the processing of motion picture film where such 
defects are referred to as directional development.4 

Methods of Determining the Time of Development.—The time 
of development required to obtain a negative having a suitable density 
scale may be determined by visual examination of the image from 
time to time during development. However, satisfactory results can 
be obtained by this method of developing only if one has acquired the 
ability (1) to recognize the density-scale required and (2) to make the 
proper allowances for (a) the dim light of the safelight lamp and (b) 
the effect of the undeveloped silver halide, which increases all the 
densities of the image but reduces the density differences, or contrast, 
and is the cause of the “fixing back” (i.e. loss of density upon fixa- 
tion) which is so disconcerting to one developing by inspection for the 
first time. Development by inspection is thus a matter of judgment 
based upon experience. As such it is not an ability which can be 
expressed in terms which convey a definite meaning to another ; it must 
be acquired through practice. One suggestion, however, can be made; 
the density relationships of the partially developed negative are more 
readily estimated if it is held with the body of undeveloped halide (i.e., 
the back of the film or plate) away from the safelight facing the 
observer. 

As it is absolutely necessary to expose the plate or film to the direct 
rays of the safelight for at least a few seconds in order to follow the 
progress of development, it is obvious that there is real danger of fog 
with high speed materials unless desensitized. With supersensitive 
and hypersensitive panchromatic plates and films exposure to light of 
any kind during development is inadvisable and development by in- 
spection is really practical only if a desensitizer is employed. 

The numerical relation of the time of appearance of the image and 
the time of development for a given gamma, is sometimes called the 
arithmetical coefficient of development, or more frequently the Watkins 
factor, after Alfred Watkins who developed a method of determining 
the time of development based upon this relationship (factorial de- 
velopment). 

For a constant ganima, the factor depends chiefly upon the develop- 
ing agent and is not altered by temperature, by variations in the pro- 
portion or nature of the alkali employed, nor the dilution,—except in 


4 Motion Picture Laboratory Practice, Eastman Kodak Co., 1936. 
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the case of pyro and diaminophenol. In general, the factor does not 
change for different emulsions except with some few which contain a 
large percentage of iodide. 

The factors for a few of the common developing agents are as 
follows: 


IN Gurolpwaee artnet oie ese eiera ae 5 Certinalies fect sas cheek 30 
By roca techinierrrea tar area 10 Amidol (2 gr. to the oz.).......... 18 
Hydrochinon (min-KBr)......... 5 Rodiiale yt caine de «ete 40 
Hydrochinon (max-KBr)........ 44 Ortol eae ae ee ae ee 10 
EIKOnOgeN eerie sete eran oe: 9 Hadinol seas oS: eek ce 20 
Gly cink(CarbaSoda) ieee meee 8 Metoliys aor ees Oc eee 30 
Gly cing (Carpweorash) pean ae ee 12 OUNNOMIEE Aono sees oe ee 30 
Paramidophnenolesncn ic. heen oe 16 
Pyro-soda 
Without With 

Potassium Bromide Factor Potassium Bromide Factor 
ToeretonthevOZy sinc ania cue nate = 18 2 OFAC BE Pee OZ eo ys Sinise 9 
2ST CLO) ENE, OZ sn. arsenate et once soit 12 + St HIRE per OZ 5-2-5 42a 5 
BXOT COM Ne OZ cs) eee ee eee 10 2 Or OBE Neh O27 55 ae Fo eae Az 
Arie sCOUE NCL OZ a nena eaters hea mae es 8 B. SRD Per OZ... 6 haat sc cee pels 4 


Pyro-acetone—about double the above. 


With any given developing agent the factor depends upon the degree 
of contrast, or gamma, which it is desired to reach. Once the factor 
is found for any given set of conditions the time of development can 
always be readily determined by multiplying the time of appearance by 
the proper factor. 

As a means of determining the time of development, the factorial 
method has two disadvantages: (1) the time of appearance, and con- 
sequently the time of development, varies with the exposure so that 
underexposures are overdeveloped and overexposures, underdeveloped ; 
(2) the difficulty of applying the method to color sensitive materials 
due to the danger of fog if the safelight is sufficiently bright to enable 
the first appearance of the image to be observed accurately. With 
panchromatic and highly sensitive orthochromatic materials, factorial 
development is practical only if the film or plate is first desensitized. 

The factorial method has been used less and less in recent years 
and is now almost obsolete. 

Time Development.—Development by time was largely the out- 
growth of the photochemical investigations of Hurter and Driffield. 
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Ferguson and Howard investigated the rate of development at different 
temperatures and Alfred Watkins did much to render the method 
popular by his carefully compiled tables of the time of development at 
various temperatures for different films and plates. 

Development by time does not depend upon acquired skill in the 
estimation of the density-range of a negative, nor on observing the 
time of appearance of the image. 

Since visual examination of the image is unnecessary at any stage, 
time development is the only really satisfactory method in the case of 
panchromatic materials of extreme sensitivity (unless desensitized), 
in machine processing and to a lesser degree in large-scale processing 
by any method. 

Development for a fixed time based upon the time required for a 
given gamma, however, does not allow for variations in the developer, 
in the developing time of different batches of the same plates or film, 
the degree of agitation nor variations in the time of development, re- 
quired with different subjects to produce negatives suitable for a 
particular paper. 

Tables indicating the time of development for a given contrast on 
plates and films of their own manufacture in certain recommended 
formulas are published by most manufacturers of sensitive materials.® 
In some cases, developing times are given for different gammas but 
little or nothing has been published on the gamma to which the nega- 
tive of a given type of subject should be developed to be suitable for 
a particular printing paper. This difficulty is largely overcome in 
practice by selecting a paper with an exposure scale which is suitable 
for the negative. If the negative must be developed so as to produce 
the desired result on a particular paper one can do more for himself 
through a few systematic, carefully planned and well conducted ex- 
periments than others can do for him. 

Desensitizing Photographic Materials—One of the most note- 
worthy additions to photographic technique during the last decade has 
been the discovery of efficient desensitizing substances which enable 

5 Also in the Burroughs-Wellcome Handbook and Exposure Guide (Bur- 


roughs-Wellcome Ltd, New York) and the Thermo Development Chart 
(American Photographic Publishing Co., Boston, Mass.). 


Mees AND WrattEN—Development by Time. Brit. J. Phot., 57 (1910), 
376; Phot. J., 50 (1910), 403. ; 

Watxkins—Testing the Developing Speed of Plates. Brit. J. Phot., 68 
(1921), 383. 
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development to be conducted in a bright light. It is only necessary to 
bathe the film, or plate, in a solution of the desensitizing agent before 
development (in some cases the desensitizing agent may be added to 
the developing solution) to reduce the sensitivity to such an extent 
that even panchromatic materials may be exposed to a comparatively 
bright light without danger of fog. 

The first practical desensitizer (phenosafranine) was discovered by 
Luppo-Cramer in 1920. Since then research has disclosed a number 
of other and more efficient desensitizers but no adequate theory of the 
process has yet been evolved. Effective desensitizers are found chiefly 
among quinoid dyestuffs, particularly among the azines, cyanines, tri- 
phenylmethanes and oxydzines.*. There is apparently a close connec- 
tion between sensitizers and desensitizers as both are found in closely 
related dyes and moreover Mills and Smith found that the replacement 
of the CH linkage of the quinolin rings in the iso and pseudo-iso- 
cyanines by N converted sensitizers into desensitizers.® 

Certain differences may be noted among known desensitizers: 


1. Desensitizing agents for one halide are not always desensitizers for 
another. 

2. The ratio between the speed of a photographic material before and 
after desensitizing appears to increase with the average grain 
size of the emulsion, but varies with different desensitizers. 


®For a review of earlier work on desensitizers, see Wall, American Phot. 
15 (1921), 651. 

7 Stenger, Zeit. Wiss. Phot., 23 (1024), 11. 

§ Mills and Smith, J. C. S. (London), rz (1922), 2724, and 122 (1923), 2288. 

® Bloch, Phot. Jl., 73 (1933), 7. 


Amor—Desensitizers and Chemical Fog. Brit. J. Phot., 72 (1925), 183. 

DuruamM—Basic Scarlet N. Brit. J. Phot., 78 (1931), 326. 

Hamer—Desensitizing Properties of Chrysoidine and Some of its Deriva- 
tives. Phot. J., 70 (1930), 232-233. 

Hamer—Desensitizing Properties of Basic Scarlet N. Phot. af 
(1930), 436-437. 

Hamer, FisHer anp Leeson—Chemical Study of Desensitizers. IV. De- 
sensitizing Properties of Anthraquinone Derivatives. Proc. VIIIth 
Int. Congress of Phot., Dresden, 1931, 357-362. 

Luppo-CRAMER—Desensitizing and the Latent Image. Brit. J. Phot., 77 
(1930), 151-153. 

Watt—Development in a Bright Light. Amer. Phot., 15 (1921), 651. 

CRABTREE AND Dunpon—Fffect of Desensitizers in Development. Brit. J. 
Phot., 73 (1926), 404-406, 418-421, 434-437. 
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3. The reduction in sensitiveness is not the same for all wave lengths, 
but is relatively greater for the longer wave lengths than for 
the shorter. 

4. In some cases, the substance desensitizes in one spectral region and 
sensitizes, but only slightly, in another. 

5. A number of substances which are active desensitizers are not 
practical because of their fogging action. The latent image is 
not weakened by desensitizing unless the film, or plate, is ex- 
posed to yellow, orange or red light after desensitizing and 
before development. Exposure to light at this stage results in 
the bleaching of the latent image and its partial destruction. It 
is important, therefore, that desensitized materials be handled 
in a safe light until development has begun.1° 


It should also be noted that most desensitizers will destroy the latent 
image if several hours are allowed to lapse between desensitizing and 
development.*4 

In general, a desensitizer may be used either as a preliminary bath, 
or as an addition to the developing solution. Usually, two to three 
minutes are required for desensitizing in a preliminary bath. This 
operation must, of course, be carried out in a darkroom with the usual 
safelights, or in the case of panchromatic materials preferably in total 
darkness. When the desensitizer is added to the developer, three to 
four minutes should elapse before the film is exposed to light. 

The only practical desensitizer yet found among inorganic substances 
is mercuric cyanide.” 

According to Mayer and Walter,’® the actual desensitizer is the 
complex K,Hg(CN),. Unlike most other desensitizers, it cannot 
be used as a preliminary bath, but must be added to the developing 
solution. It is slowly precipitated in many developing solutions and 
is not suitable for use with developers containing pyro. The usual 
concentration is I part to 3000 parts of the developer. 

Phenosafranine used at a concentration of 1:2000 as a preliminary 
bath, or 1: 5000 as an addition to the developer, is an effective desensi- 
tizer for blue-sensitive and orthochromatic materials, but the reduction 


10 Luppo-Cramer, Brit. J. Phot., 77 (1930), 151. Dundon and Crabtree, Amer. 
Phot., 20 (1926), 378. 

11 Carroll, J. Phys. Chem., 29 (1925), 603. 

12 B.P. 280,525 of 1926; Brit. J. Phot., 75 (1928), 233. 

13 Brit. J. Phot., 75 (1928), 692. 
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in sensitivity is not sufficient for panchromatic materials of high color 
sensitivity.** 

Phenosafranine stains the gelatin and the fingers deeply. The stain 
may be removed by bathing the negative in a 5 per cent solution of 
sodium hydrosulfite for a few minutes after washing. However, the 
stain, if uniform, does not affect the printing quality of the negative, 
as blue and violet light are transmitted.” 

The time of development with hydroquinone is decreased by desensi- 
tizing and with metol-hydroquinone in proportion to the amount of 
hydroquinone. With pyrogallol and diaminophenol, on the other hand, 
the time of development is increased.*® 

A precipitate forms when phenosafranine is added to some develop- 
ers, particularly hydroquinone and, to a lesser extent, with pyrogallol 
and pyrocatechin.1” 

Pinakryptol was the first of three desensitizers introduced by the 
I. G. Farbenindustrie as a result of the investigations of E. Konig, 
B. Homolka and Robert Schuloff. It is a more efficient desensitizer 
than phenosafranine and, although the solution is colored, the gelatin 
is not stained. 

Pinakryptol green?® is more effective than phenosafranine with 
panchromatic materials. It is non-staining but has a distinct fogging 
action if the time of immersion is prolonged, or if the concentration is 
too high when used as a preliminary bath.1® The addition of the 
desensitizer to the developer, however, has a beneficial effect on aerial 
fog.?° 

Pinakryptol green, whether used as a preliminary bath or as an 
addition to the developer, affects the time of development and the 
Watkins factor. The effect varies with different developing agents 


14 Hubl, Amer. Phot., 19 (1925), 642. 

15 Odencrants, Das Atelier, 31 (1923), 184. 

16 Luppo-Cramer, Der Phot., 31 (1921), 65, 100. 

Crowther, Brit. J. Phot., 68 (1921), 231. 

17 Luppo-Cramer, Der Phot., 31 (1921), 193. 

18 Pinakryptol green has been described as 1:3 diaminophenylphenazonium 
chloride. Garbacheva and Lenkoeff, Phot. Chem. Ind., 1 (1936), 59. See also 
Homolka, D. R. P., 396, 402. 

19 Amor, Brit. J. Phot., 72 (1925), 183. 

20Dundon and Crabtree, Amer. Phot., 18 (1924), 742; Brit. J. Phot., 71 
(1924), 719. 


NEGATIVE DEVELOPMENT 309 


and whether it retards or accelerates development depends on the 
particular point at which the comparison is made.?! 

Pinakryptol green, however, is precipitated in many developers, par- 
ticularly those containing hydroquinone. It can be used without diffi- 
culty in metol-hydroquinone developers, if the concentration of hydro- 
quinone is not too high. No difficulty is experienced with glycin, 
metol or with paraminophenol, whether used with an alkaline car- 
bonate or in the form of rodinal (page 280). The formation of 
a precipitate is retarded by the oxidation products of the developer, 
so that less difficulty is experienced in this respect if the developer 
has been conditioned by the addition of used solution or by use. 
When precipitation is likely, the desensitizer should be added to the 
developer slowly, with constant stirring and in as dilute a solution as 
possible. ; 

Pinakryptol yellow is a more efficient desensitizer than either pina- 
kryptol or pinakryptol green. It must be used as a preliminary bath 
as it is destroyed by the sulfite in the developer. A 1:2000 solution 
should be used as a preliminary bath for 3-5 minutes, and 1:5000 
pinakryptol green added to the developer. 

Basic Scarlet N, a product of the Compagnie des Matieres Colo- 
rantes, is, according to Moreau, a mixture of chrysoidin and pheno- 
safranine.?? It is less efficient as a desensitizer than the pinakryptols, 
but has less tendency to produce fog, when used as a preliminary bath. 
As compared with phenosafranine, it has the advantage of being prac- 
tically non-staining since the stain disappears in washing. The con- 
centration as a preliminary bath is 1: 5000. 

Tray Development.—Tray development is used chiefly by those 
who have only a few films or plates to develop at a time. Under such 
conditions, it is more economical than tank development because of 
the smaller quantity of solution required. While as satisfactory re- 
sults may be obtained by one method as the other, there is greater 
danger of scratching or otherwise damaging the negative in tray 
development. 

Steel enamel, glass, hard rubber or composition trays are used for 
developing and fixing, the first-mentioned being the most popular in 
this country. The enamel, however, is easily chipped, exposing the 
metal and rendering the tray useless unless the exposed area is covered 

21 Dundon and Crabtree, Ibid. Luppo-Cramer, Phot. Ind., 1921, 534. Hubl, 


Amer. Phot., 19 (1925), 642. Crowther, Brit. J. Phot., 68 (1921), 231. 
22 Amer. Phot., 20 (1926), 159. 
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immediately with a suitable enamel. Glass is an excellent material for 
trays and other photographic equipment as it is resistant to all photo- 
graphic solutions and is easily kept clean. The glass trays supplied 
for photographic use, however, are heavy and breakable and are grad- 
ually falling into disfavor. Hard rubber trays are expensive, are 
rather easily broken and it is difficult to see if they are clean. Trays 
of plastic materials are not popular because of their weight and be- 
cause they are easily broken. Stainless steel forms an excellent mate- 
rial for trays and other processing equipment but has not been widely 
used because of its cost. 

Except when developing a single cut film, or plate, the tray should 
be larger than the negative. A tray at least twice as large as the 
negative should be chosen for cut film while a tray accepting four or 
six plates, depending upon size, saves time and labor. When develop- 
ing roll film, the tray should be sufficiently large to enable the roll of 
film to be handled conveniently. 

It is not a difficult matter to develop from a half to a full dozen cut 
films in a tray if care and the proper technique are employed. Each 
film, held by the edges, is immersed with a sliding motion so as to 
cover it completely with the developer at one sweep. It is then turned 
over once or twice to break any air bubbles which form and placed in 
one end of the tray. A second film is then immersed in the same way, 
turned over once or twice and placed on top of the first. The same 
procedure is followed for the other films until all are in developer. 
The films are then transferred one by one from the opposite end of the 
tray, back again and so on until developed. 

Small glass plates may be held in the hand using the thumb and 
forefinger on opposite edges and submerged in the developer. With 
larger sizes, the usual practice is to place the plates side by side in the 
tray and pour the developer from a graduate so as to completely cover 
the plates in one sweep. The tray is then rocked continuously first 
from side to side and then in the opposite direction to provide the 
agitation necessary to prevent uneven development. Care must be 
taken not to allow the plates to overlap one another and cause scratches 
or uneven development. 

The usual method of developing roll film in trays is to detach the 
film from the paper backing in the darkroom and then pass it back and 
forth in a U shape, one end in each hand, through a tray of water 
until limp and then through the developer for the full time of develop- 
ment, It is then rinsed in a tray of water and transferred to the fixing 
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bath in which it is handled in the same manner. The developer-laden 
film is necessarily exposed to air much of the time during development, 
hence the developer employed should be one which does not stain 
readily nor produce oxidation fog. 

Tank Development.—Tank development has become almost 
universal on account of its greater convenience, economy of time and 
solution, and lastly, but most important of all, superior results from 
the standpoint of uniformity and freedom from fog, scratches, and 
other physical defects. 

Tank development makes possible the development of roll film in 
daylight, thus completing the all-by-daylight cycle from the loading of 


Fic. 168. Kodak Film Tank for Daylight Development of Roll Film 


the camera to the finished negative. The first and best known of the 
daylight film developing tanks is the Kodak Film Tank. In this, the 
film is placed in a closed box and wound up in an apron which protects 
it from light and yet permits full access of the developer through the 
openings in the binding as shown in Fig. 168. After the film has been 
wound up in the apron, the cover of the transfer box is removed and 
the apron with the film inside it transferred to a tank containing the 
developing solution. A tight cover is provided in order that the tank 
may be inverted at frequent intervals to prevent uneven development. 
When development is complete, the developer is poured out and the 
tank flushed with water. This leaves so little developer in the film 
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that it may be removed from the apron and transferred to the fixing 
bath in the light of an ordinary room. 

Another tank for developing roll film in daylight is built in the form 
of a tube into which the developer is poured through an opening in the 
top. The roll of film is attached to a holder at the top of the tank and 
the free end of the backing paper is connected to a plunger. The 
cover is then placed on the tank and the plunger depressed to unroll 
the film in the developer. 

A third type of tank for the development of roll film consists es- 
sentially of the tank proper and a spiral reel for holding the film during 
development. The film is separated from its paper backing and wound 
on the reel in the darkroom. The film is held in the spiral turns of the 
reel. The loaded reel is then placed in the tank containing the devel- 


Fic. 169. Film Developing Tank (Kodak) 


oper and the cover attached. In some cases, the cover is placed on 
the tank first and the developer added through a light-tight opening in 
the top. In this case, the tank may be emptied, the film is rinsed and 
the fixing solution added before exposing the film to light. While 
tanks of this type do not enable film to be developed in daylight, since 
a darkroom is necessary for loading, there is no apron and consequently 
no danger of markings on the back of non-curling films from contact 
with the apron during development. This is important in the case of 
small negatives because such markings sometimes appear in the en- 
largement. The reel, however, must be designed to permit the free 


circulation of the developer or it is difficult to avoid uneven develop- 
ment. 
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Tanks for the development of cut film and plates may be divided 
into two classes: closed and open. 

Closed tanks are intended chiefly 
for amateur use and have a rack 
holding either 6 or 12 films or ina 
vertical position. Frequently, the 
same rack may be used for both 
plates and cut film, the film being 
first inserted in thin metal holders 
and these in turn inserted in the 
grooves of the developing rack 
(Fig. 170). In some cases, the 
ase Oe blete te 9 Bae Be Fic.170. Developing Tank (Closed 
plates or cut film of different sizes. apr yaiees Plates: oF Cut Files Gn 
The tank may or may not have a — Septums), 
light tight opening in the side or 
top through which the developer 
and other processing solutions are added or the tank emptied. 

A special form of tank designed primarily for film packs but suit- 


Fic. 171. Film Pack Tank (Kodak) 
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Fic. 172. Developing Hanger for Cut Film (Eastman) 
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Fic. 173. Drawing of Well-Arranged Darkrooms for the Processing of Cut 


Film on Plates in Hangers by the Open Tank System. (Courtesy of Eastman 
Kodak Co.) 
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able also for cut film is shown in Fig. 171. The exposed films are 
bent double with the attached paper backing remaining and slid into 
the separate compartments of the cage. The loaded cage is then trans- 
ferred to the tank for development. It is usually necessary with all 
closed tanks to reverse the entire tank at regular intervals to prevent 
the reaction products of the developer from forming currents which 
give rise to uneven development. 

Open tanks are used chiefly by professional photographers. The 
cut films or plates are carried separately through the various tanks on 
metal hangers (Fig. 172). A typical installation (Fig. 173) consists 
of three to four steel enamel, hard rubber or soapstone tanks accom- 
modating from one to two dozen cut films or plates and requiring from 
one to five gallons of solution. The tank on the left is for the de- 
veloper, the rinsing tank is to the right with an inlet and an outlet to 
permit water from the mains to run through the tank, and the third 
tank contains the fixing bath. Where warm weather is encountered 
for much of the year, a fourth tank for a hardening stop bath is placed 
between the rinsing and fixing tanks. Usually the tanks are enclosed 


Fic. 174. Room and Deep Tank Installation for Commercial Processing of Roll 
Film. (Eastman Kodak Co.) 
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in a water jacket which is connected with the hot and cold water lines 
so that the temperature of the solutions may be kept uniform. 

A typical deep tank installation for commercial photofinishing is 
shown in Fig. 174. The films are first separated from their backing 
papers, numbered, usually with a perforating numbering machine, and 
attached to a hanger from which they are suspended in the tank for 
development. 

At the expiration of the required time of development, the hanger 
with its attached films is lifted from the tank and transferred to a 
rinsing tank through which water from the mains is kept flowing. 
In some cases, the films are transferred directly from the rinsing to 
the fixing tank; however, in locations where warm weather prevails 
for much of the year or films are dried rapidly by heat the rolls are 
usually first transferred to a tank containing a hardening stop bath of 


Fic. 175. Roll Film Processing Machine (Pako) 


chrome alum and thence to the fixing bath. One or more tanks are 
employed for fixing and two or more for washing. The films are 
dried in cabinets with circulating heated air. 

In recent years, automatic processing machines have been widely 
adopted for commercial photofinishing. These consist essentially of 
overhead conveyor systems which automatically transfer hangers con- 
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taining the films from one tank to another. A typical processing 
machine for photofinishing is shown in Fig. 175 (Pako). 

Factors Affecting Graininess—The individual grains of silver 
halide in an emulsion are too small to be seen except with a high power 
microscope. In the coating and drying of the emulsion, however, the 
grains tend to draw together forming clusters of grains and develop- 
ment is accompanied by a clumping of the grains to form still larger 
masses of silver thus increasing the degree of inhomogeneity. It is 
the larger masses of silver formed as a result of the clumping of the 
individual grains which is the source of the inhomogeneity, or graini- 
ness, evident in photographic images at moderate magnification. 

Among the factors affecting graininess are: 

1. The emulsion. In general, finer grain is secured with slow ma- 
terials than with fast; however, considerable progress has been made 
in this direction by the manufacturers of sensitive materials and some 
of the fine-grain films now compare favorably with all except the 
slowest positive materials. 

2. The density of the silver deposit. Under given conditions, and 
with all emulsions, the graininess increases with the density up to a 
maximum which varies with the emulsion and the conditions of de- 
velopment. From this, it is evident that the various tones of the 
image exhibit varying degrees of graininess according to their density. 
Graininess is always more in evidence in the lighter tones of the posi- 
tive and in an area of relatively uniform brightness such as the sky or 
the face. Factors which keep the density of the negative as low as 
is consistent with good negative quality ; namely the avoidance of over- 
exposure and development to a low gamma, are desirable in securing 
fine-grain images. 

3. The degree of development or (y). Since the development 
of a grain of exposed silver halide is progressive, starting from a 
center, or nucleus, on the silver halide grain and continuing until the 
entire grain is reduced to silver, it is evident that if development is 
arrested at an early stage, the grains will be only partially developed 
and the particles of developed silver comprising the image will be 
smaller, and the clumping less, than if development is carried nearer 
to completion. Since the visibility of the grain and grain clusters, 


TurEADGOLD—Measurement of Graininess (of Photographic Emulsions). 
Phot. J., 72 (1932), 348. 

Van Krevetp—Graininess and Resolving Power of Photographic Emul- 
sions. Phot. J., 74 (1934), 590. 
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which determines the graininess of the image, is proportional to their 
size, it is apparent that a developed image of any given density obtained 
in one case by full exposure and a low degree of development will, in 
general, exhibit less graininess than one which has received less 
exposure and has been developed to a higher gamma. 

4. The composition of the developer and conditions of development. 
Much has been published in recent years regarding fine-grain de- 
velopers and development. A great deal of this information is based 
upon theories and data of questionable validity and many of the claims 
cannot be substantiated in practice. Quantitative data is lacking on 
many processes and methods which have been highly publicised and 
the entire subject is one in which quantitative investigation is sadly 
needed. 

Metol-Hydroquinone-Borax Developers—The first fine-grain 
developer of this type was published by Wellington,”* but the first to 
achieve widespread popularity was that of Capstaff,** familiarly known 
as D-76. 


Avoirdupois Metric 
UE FoF slp skein, 4 oli BS sien ERE ae ne eee ee ere eae 116 grains 8.0 grams 
Sodium sulfite, ‘desiccated’. 7. .2--. 2... 2-606 13% ounces 400.0 grams 
Hiv doc umOone neat ea ore oo «oe eee 290 grains 20.0 grams 
SBoraxtrateee cay. ete ipecbyentnns Wo nus Messrs emer 116 grains 8.0 grams 
Wraterito make seve sts feces reams alors elas « Oe 1 gallon 4.0 liters 


* The variety such as 20-Mule Team Borax. 


Use without dilution. Average development time is I0 to 20 minutes 


at 65° F. (18° C.) 


23 Wellington, Manual. 
24 Capstaff and Seymour, Trans. Soc. Mot. Pict. Eng., 10 (1926), 223. 


Brocu—Fine Grain Developers. Brit. J. Phot., 83 (1936), 368. 

BLioco—Experiments with Fine-Grain Developers: Determining Relative 
Graininess. Miniature Camera World, 1 (1937), 343. 

CRABTREE—Graininess of Motion Picture Film. Trans. Soc. Mot. Pict. 
Eng., 1m (1927), 77-92. 

LrrsrGANG—Fine Grain Development. Phot. Ind., 32 (1934), 670. S.&I.P. 
(II), 5 (1934), 250. 

Marriace—Effect of Processing Conditions on Graininess. Phot. E77 
(1937), 379- 

nee see Ultra Fine-Grain Developer. Brit. J. Phot., 84 (1937), 
407. 

SEYEWETZ—Fine-Grain Images from Coarse-Grain Emulsions. Brit. J. 
Phot., 80 (1933), 511. 
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Directions for Mixing: Dissolve the Elon separately in a small 
volume of water (at about 125° F.) (52° C.). Then dissolve ap- 
proximately one-quarter of the sulfite separately in hot water (at 
about 160° F. (71° C.), add the hydroquinone with stirring until 
completely dissolved. Then add this solution to the Elon solution. 
Now dissolve the remainder of the sulfite in hot water (about 160° F.) 
(71° C.). Add the borax and, when dissolved, add to the above solu- 
tion. Dilute to volume with cold water. 

Similar formulas but with the hydroquinone omitted are favored 
by many. A typical formula is: 


INT te lee opepe etcetera oe PRR et rence Goon etocs aye Sie I gram 
Sodiumesuliites(desd)n =e eae: oe nse 150 grams 
VINES Oh Roots Seer plane 5 suena Si eee 1000 cc. 


Time of development: From 20 to 30 minutes at 65° F. (18° C.).”° 

Metol-hydroquinone-borax developers such as D-76 increase in 
alkalinity on standing, thus becoming more active, necessitating shorter 
developing times and producing coarser-grained deposits. A modified 
formula in which boric acid is used as a buffer does not increase in 
alkalinity and tends to produce finer-grain because the longer period 
of development necessitated by the addition of boric acid favors in- 
creased solvent action of the sodium sulfite. 


Avoirdupois Metric 
lony seo. arses eer 17.6 gr. 2.0 gm. 
Sodium sulfite (dess.)........... 2.0 OZS. 100.0 gm, 
by droquinonenss. sas se 43.8 gr. 5.0 gm. 
Borax, ovanulat sees aees ac 70.0 gr. 8.0 gm. 
iBonicracidmenystalsiaeryey eu ereaa ice 70.0 gr. 8.0 gm. 
Waterton adeerncie pects ceuse ane 20.0 OZS. 1000.0 ccs, 


Developing time from 20 to 30 minutes at 65° F. (18° C.). 


The reduction in graininess obtained through the use of developers 
of this type is due to the solvent action of sodium sulfite on silver 
halide. This solvent action, which is at its greatest with silver 
chloride and relatively insignificant in the case of silver iodide, prevents 
the individual grains from attaining their full size in development and 
reduces the tendency of the grains in close proximity to one another 
from merging to form the larger aggregates of silver which are the 
chief cause of granularity in photographic deposits. The borax acts 


25 Dupont Fine-Grain Formula. 


320 NEGATIVE DEVELOPMENT 


merely as a weak alkali indirectly favoring the solvent action of the 
sulfite.° 

The use of diaminophenol and ammonium chloride as a solvent of 
silver halide was suggested by Lazenby.” 

Increasing the amount of sodium sulfite, or reducing that of the 
developing agents, results in increased solvent action and favors the 
production of images of finer grain as does the addition of potassium 
bromide, but at the expense of effective emulsion speed, necessitating 
increased exposure and longer times of development. The following 
table shows the effect of the addition of potassium bromide to the D-76 
Elon-hydroquinone developer on effective emulsion speed and time of 
development. 


Grains of Potassium Effective Relative Time 
Bromide per gallon Emulsion Speed of Development 
OLOme eet eacer eherois cer ariave neaeS 100% 1.0 
TRO Ope eicitsietioweie ci acke ene eaters 50% 1.6 
BOOLOM Enea Ta eer atl 25% 22 


Paraphenylene Developers——The suitability of paraphenyldi- 
amine where a fine-grain image is required was noted by A. & L. 
Lumiere and A. Seyewetz in 1904. It is probable that development 
with paraphenylene 2° due its solvent effect on the silver halide is partly 
physical in character (page 329) and its low reduction potential favors 
the solvent action of both the developing agent and the sodium sulfite. 

Used alone, paraphenylene has several disadvantages: (1) the rate 
of development is low so that comparatively long times of development 
are required, (2) the loss in emulsion speed is considerable, necessitat- 
ing from three to four times the exposure required for normal de- 
velopers, (3) the density and contrast of the image are low, and (4) 
the solution is toxic, producing painful skin eruptions in some people. 

26 A developer similar to the D-76 formula of Capstaff but using sodium car- 
bonate with sodium phosphate as a buffer has been described by Seyewetz. Bull. 
Soc. frang. Phot., 22 (1935), 236. 


27 Brit. J. Phot., 81 (1034), 663. 
28 Bull. Soc. franc. Phot., 20 (1904), 422. 


Sryewetz—Production of Fine-Grain Images by Development Followed 
by Intensification. Bull. Soc. franc. Phot., 24 (1937), 45. 

ViTTuM AND CRABTREE—New Fine-Grain Developer. Brit. J. Phot., 84 
(1937), 385. 

Wititcock—Metol-Glycin for Fine-Grain Development. Brit. J. Phot., 
83 (1936), 576. 

Wittcock—Buffered Developers. Brit. J. Phot., 84 (1937), 641. 


NEGATIVE DEVELOPMENT 321 


These disadvantages, except the last, are partially overcome by com- 
bining paraphenylene with glycin or metol. 
For a paraphenylene developer, the following is recommended: 


Paraphenylenediamine..../............. 145 gr. 10 gm. 
Sodium sulfite (des.).............. I OZ. 290 gr. 50 gm. 
Waterton cacc tia ses acme nance ee 32 OZ. 1000 cc. 


The paraphenylene is dissolved first in water at about 160° F., and 
when thoroughly dissolved, the sulfite is added. As the keeping prop- 
erties of the mixed solutions are poor, no more should be prepared 
than will be used in a single day. 

The time of development is from 30 to 50 minutes at 65° F. (18° 
C.) depending upon the sensitive material and the degree of contrast 
desired. The maximum gamma obtainable with modern super-sensi- 
tive and hypersensitive materials varies from .5 to .8. 

Paraphenylenediamine hydrochloride is proferred by many over the 
free base. 


Paraphenylenediamine hydrochloride..... go er. 6 gm. 
Sodsunnisultipen(des?)ancrerrse ae mee 750 gr. 50 gm. 
uisodimmphosphate.seaaas ee eee ee 180 gr. I2 gm. 
WAC CO rea eaein arr cle ean ee a neon 32 OZ. 1000 cc. 


The time of development ranges from 25 to 50 minutes at 65° F. 
depending upon the sensitive material and degree of contrast required. 

The addition of glycin or metol results in a developer of greater 
energy producing greater contrast and density and with less loss in 
emulsion speed. Many compromise formulas of this type have been 
published ; one of the best known is: *® 


Sodiumesuliiter(des:) Acar. eee aes OR go gm. 
Paraphenylenediamine ................. 150 er. 10 gm. 
Giliveciineec cna tee a caper ncrsaarechraers votes eee 90 gr. 6 gm. 
WiaterstOn.. acacelracmutee uke ancie seus ettieeionere 32 OZ. 1000 cc. 


In preparing this developer, the paraphenylene is dissolved first in 
water at about 160° F. (71° C.), then the sulfite and finally the glycin. 

The time of development is from 20 to 40 minutes at 65° F., de- 
pending upon the sensitive material and degree of contrast required. 
The exposure must be approximately twice normal. 


29 Sease, Camera (Phila.), 47 (1933), I. 


Freminc—Paraphenylenediamine Developers from the Laboratory View- 
point. Amer. Phot., 29 (1935), 614. 
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A similar developer, but with phenylenediamine-hydrochloride, is 
as follows: *° 


Sodium sulfite (des.)...20-.-..-++------- 3, OZ. go gm. 
Paraphenylenediamine hydrochloride. .... 255 gr. 17 gm. 
Gly Git oe tarred yee sence tare go gr. 6 gm. 
Trisodium phosphate.........--...----- 510 gr. 324 gm. 
Water to gna. : pact oo nga ie meee ees a2 OZ. 1000 cc. 


All developers tend to produce finer grain when partly exhausted, 
or if conditioned before use by one of three methods: (1) by develop- 
ing scrap film which has been slightly exposed to light, (2) by adding 
exhausted developer to about 20 per cent of the total volume. Old 
developer which has been used but not exhausted may be added to 
freshly mixed developer but should not be substituted for water in mak- 
ing up a fresh solution, (3) by adding one-half gram (7% grains) of 
sodium chloride to each liter of the developer and then, after it has 
dissolved, adding one-half gram silver nitrate which has been dissolved 
in a little water. It is best to dissolve all the ingredients except the 
silver nitrate in about 80 per cent or go per cent of the water called for 
in the formula. The silver nitrate is then dissolved in the remaining 
water and added to the main solution. A precipitate forms which is 
allowed to settle over night and the clear solution poured or siphoned 
off for use, and the exposure must be increased from two to three 
times that required with a normal metol-hydroquinone developer. 

A number of workers have recommended the “ preaging” of para- 
phenylenediamine before use. 

In this process, the paraphenylene and sulfite are mixed dry and 
allowed to stand in a small tightly closed bottle which does not contain 
much air over the solid mixture, and left to stand at room temperature 
(not above 80° F.) for ten days. After ten days, the pre-aging is 
largely complete. The resulting mixture must be dissolved in hot 
water (150° to boiling) and the solution is wine-red or brown. Nega- 
tives developed in a pre-aged developer have many of the character- 
istics of physically developed negatives and if the correct exposure has 
been used, enlargements of considerable size are possible. 

If the chemicals are mixed for pre-aging in a container which is 
wet, spoilage will result. On the other hand, if the chemicals are 


30 Lowe, Zeiss Magazine, II (1936), 75. 


LowE—New Fine-Grain Developer for Superior Gradation. Camera 
Craft, 43 (1936), 558. 
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mixed in exceedingly dry weather, the pre-aging will be very slow and 
it may be necessary to put one drop of water on the inner surface of 
the container lid (not on the chemicals themselves). This water will 
evaporate into the air around the chemicals and permit aging to go on 
at a reasonable speed.*+ 

Two-Bath Development.—Methods of developing involving the 
use of two separate baths may be divided into three main classes: 


Class 1: Those in which the first bath contains all of the developing 
agents plus sodium sulfite and the second the alkali and the re- 
mainder of the sulfite.** 


The gelatin swells and absorbs a certain amount of the developing 
solution in the first bath but little or no development takes place owing 
to the absence of the alkali. When the film is transferred to the sec- 
ond bath development proceeds until the developing agents held in the 
gelatin have been exhausted or have diffused out into the surrounding 
solution. Developers of this type result in an almost constant degree 
of development (y) regardless of the time of development or the 
temperature of the solution and hence possess certain advantages where 
a certain fixed degree of development (y) is desired. 

Two-bath developers of this type have a long useful life. The first 
bath is changed but little and requires only the addition of fresh solu- 
tion to replace that carried out by the film. Reaction products which 
restrain development accumulate in the second bath which must be 
renewed frequently. The degree of development (y) remains prac- 
tically constant during exhaustion. 

The following formula results in a gamma of from 0.5 to 0.6 de- 
pending upon the characteristics of the sensitive material: 


31 Reducing grain by redevelopment in paraphenylenediamine, hydrochloride. 
Heymer, Veréffentl. Wiss. Zentral Lab. Agfa, 4 (1935), 198. 

32 yon Joanovich, Phot. Korr., 44 (1907), 359, 505. Knapp, Brit. J. Almanac, 
1932, 191. Crabtree, Parker and Russell, J. Soc. Mot. Pict. Eng., 21 (1933), 21. 
Baker, Brit. J. Phot., 56 (1909), 609; 58 (1911), IOI. 


ForMSTECHER—Development in Two Successive Baths. Phot. Ind., 29 
(1931), 683, S.&I.P. (II), 2 (1931), 335. 
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Formula SD-4 
Avoirdupois Metric 
Solution A—First Bath 
Teloti eter ete bP eee ei ecrreEs 5 “ibs, 5.0 grams 
Hydroquinone......----ecereeeee ce ceeeees 2. ps: 2.0 grams 
Sodium sulfite, des. (E. K. Co.).....-------- 100 Ibs. 100.0 grams 
Sugaty ate tree eae nek ee Rene neo 100 Ibs. 100.0 grams 
Sodium bisulfite (E. K. Co.).....----------- 5’ Jbs, 5.0 grams 
Wateritoitakesen pce ceet e. meer --ree 120 gals. 1.0 liter 
Solution B—Second Bath 
Sodium carbonate, des. (E. K. Co.)......---- 10 Ibs. 10.0 grams 
Sodium sulfite, des. (E. K. Co.).........---- 100 Ibs. 100.0 grams 
Potassium@bromide. ..6.. 1-2. criees= 12s ee VY |b. 0.5 gram 
Potascilimmodiderprses moet eis setae ternal 70 grains 0.01 gram 
Water tommakegea. teri ce ceri ere aire 120 _ gals. 1.0 liter 


The purpose of the sugar and bisulfite in the first bath is to restrain 
development and prevent the appearance of the image, thus extending 
the life of the bath by preventing the accumulation of restraining by- 
products resulting from development. 

The degree of development (y) may be varied within certain limits 
by modifying the composition of the two solutions. The following 
suggest some of the modifications possible and the approximate value 
of gamma with negative materials: ** 


5 Time of Treatment 
Gamma First Bath Second Bath First Bath Saccndanath 


0.5 |A B 4 min. 4 min. 
0.7 | A with 5 grams per | B 4 min. 4 min. 
liter of hydro- 
quinone. 
0.7 |A B with 50 grams per liter 4 min. 4 min. 


of sodium carbonate 
and double quanti- 
ties of bromide and 


iodide. 
0.9 | A with 5 grams per | B with 50 grams per liter 4 min. 4 min. 
liter of hydro- of sodium carbonate 
quinone. and double quanti- 
ties of bromide and 
iodide. 


88 Crabtree, Parker and Russell, J. Soc. Mot. Pict. Eng., 21 (1933) 21. 
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Class IL: Two-bath developers in which both contain the developing 
agents, sulfite and alkali but in different proportions. 


In developers of this type the first bath is designed to serve as a 
replenishing solution for the second. Since the quantity of the first 
bath carried over into the second is proportional to the quantity of film 
processed and if the formula of the first bath is designed to fit the 
particular conditions of use, the rate of development will remain uni- 
form. Two-bath developers of this type, therefore, permit of greater 
exhaustion than do single bath developers without a corresponding 
loss in effective emulsion speed or rate of development. 


Class II1: Two-Bath Developers of Like Composition. 


A two-bath developer of this type has a longer useful life than a 
single bath developer since development is begun in a fresh bath and 
completed in one which is partially exhausted. Investigation has 
shown that this may be done without loss in effective emulsion speed 
and without materially affecting the quality of the negative.** 

The time of immersion in the first bath is short—only long enough 
for the image to appear—hence, the rate of exhaustion is much less 
than that of a single bath developer of the same composition. Then, 
when the second bath is exhausted, the first bath is replaced with fresh 
solution and it in turn becomes the second bath. 

Processing at High Temperatures—The primary problem in 
the processing of negative material at a high temperature is to avoid 
undue swelling of the gelatin with its attendant difficulties, frilling, 
reticulation, melting, separation from the base, etc. A secondary but 
important consideration is developing without producing an unde- 
sirable amount of fog or stain. The various methods of processing 
at high temperature may be divided into three classes. 


1. Hardening before processing. 

2. Hardening in development. 

3. Prevention of swelling in development followed by hardening in a 
separate bath after development and before fixation. 


Processes Based Upon Hardening Before Development. The most 
satisfactory substance for hardening prior to development is formalin 
(40 per cent formaldehyde) in alkaline solution or in conjunction with 


84 Dundon, Brown and Capstaff, J. Soc. Mot. Pict. Eng., 14 (1930), 389. 
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a salt—such as sodium sulphate, citrate or disodium orthophosphate— 
which has the property of repressing the swelling of gelatin in warm 
water.*° 

Formalin hardens gelatin in alkaline solutions only and an unde- 
veloped emulsion will soften if placed in a plain solution of formalin. 

Methods Based Upon Hardening in Development.. Under ordinary 
conditions, pyro and pyrocatechin are the only developing agents hav- 
ing a pronounced tanning action on gelatin. Metol-hydrochinon de- 
velopers with a smaller than usual amount of sodium sulfite harden 
gelatin in consequence of the production of insolubilizing oxidation 
products.*¢ 

The tanning action produced in such cases is not uniform but varies 
with the density of the developed image and the developing solutions 
have poor keeping properties. 

The addition of formalin to many developers results in strong fog 
and stains. Fogging may be reduced by the addition of a desensitizing 
agent such as phenosafranine or pinakryptol and by increasing the 
amount of soluble bromide. A two-bath developer, one bath contain- 
ing the developers, the other the alkali and hardener is particularly 
advantageous for developing at high temperatures because under such 
conditions it is possible to use formalin without the troublesome reac- 
tions that occur between formalin and the developing agents in a 
single bath developer.*” 

The following two-bath developer is recommended at temperatures 


below 85° Fe. (29:5° Cy. 


First Bath 
Avoirdupois Metric 
LB oye No ttre tr ote, of in te ean eer can ee ec 44 grains 3 gm. 
Sodium ‘sulfite; desiccated ......52.a..--...- 365 gr. 25 gm. 
Hivdroqtinonesemtis. oa. 4c ak ceeeen i ker «eek 88 gr. 6 gm. 
Sodium sulfate, desiccated .................. 314 oz. 100 gm. 
Sodium carbonate, desiccated............... 2027 yr, 20 gm. 
Water ato. merase fen n «. Sins Cae tae 32 (07; I liter 


85 The use of formalin and such salts for hardening is protected by British 
Patent 128,337 (Brit. J. Phot., 66 (1919), 460). 

86 Lumiere and Seyewetz, Brit. J. Phot., 75 (1027), 134. 

87 Parker and Crabtree, Amer. Phot., 1936, 67, 142. 
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Second Bath - 


Avoirdupois Metric 
Solution 2A 
Phenosafranine (1: 1000 sol.)............... G) abe 20 cc. 
Sodium sulfite, desiccated ......,.....:.0.-- 124 oz. 50 gm. 
EOtacsitunppromidemey-y. aes. ans aera. ee BOM Sie 2 gm. 
NEXIS CAH o vegies 5 oe RO RR ee Oe AC GA ore 1 liter 
Solution 2B 
MOLiMaline (4O:percentisols)ien ean ase 6) 10z: 200 cc. 
NV AbeInLOmess cenit hits tee ch ie Boze 1 liter 


Sodium sulfate is used in the first bath to prevent excessive swelling 
of the gelatin before it can be hardened by the formalin in the second 
bath. The purpose of the phenosafranine is to prevent the formation 
of the aerial fog which might occur from exposure of the film to air 
during development. A portion of the formalin in the second bath 
reacts with the sulfite, liberating sodium hydroxide, so that no addi- 
tional alkali is required in the second bath. 

The two parts of the second bath deteriorate slowly when mixed and 
the second bath, therefore, should be prepared immediately before use. 

The film should be bathed for one minute in the first bath and then 
transferred, without rinsing, to the second bath and kept in constant 
agitation for one minute, care being taken not to expose the film to the 
air or aerial fog is likely to be produced. After development rinse 
briefly preferably in an acetic acid stop bath (114 oz. 28 per cent acetic 
acid to 32 oz. water) and fix in an acid fixing and hardening bath. 

If the desired contrast is not obtained, the time of immersion in the 
first bath may be increased slightly or the film may be rinsed briefly in 
water and reimmersed in the first bath for a short time. 

Processes Based Upon the Prevention of Swelling During Develop- 
ment Followed by Permanent Hardening. The swelling of the gelatin 
during development may be reduced (a) by using concentrated de- 
velopers and (b) by increasing the concentration of the developing 
solution through the addition of inert material such as sodium or potas- 
sium sulfate, glucose or sugar. The use of a concentrated developer, 
to reduce the time of development, and the addition of sodium sulfate, 
to prevent abnormal swelling of the gelatin, enables development to be 
conducted satisfactorily at temperatures of 75° F. (24° C.) to go° F. 


JarenicKE—Shortening the Development Time of Photographic Negatives. 
Phot. Ind. 35 (1937), 514, 540. 
LUMIERE AND SEYEWETZ—Developers for Hot Climates. Phot. Rund., 63 


(1926), 491. 
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(32° C.) if the film is permanently hardened in a chrome-alum-sodium 
sulfate stop bath immediately after developing and before fixing.** 
The following developer is recommended : *° 


(Kodak Developer DK-15) 


Avoirdupois Metric 
Water (abottr25. Me) (h2n ©.) eee are eee 24 ounces 750.0 cc. 
ENG siege tora te ae eee 82. grains 5.7 grams 
Sodium sulfite, desiccated (E. K. Co.).... 3 ounces 90.0 grams 
ical epee reer Nee a ecgean cay sensor are hee 34 ounce 22.5 grams 
Rotassinmisbromicdememe cy: sacle eae ee 27. ~+«~grains 1.9 grams 
*Sodium sulfate, desiccated.............. 14 ounces 45.0 grams 
Goldiwatemtommakerers a test eee 32 ounces 1.0 liter 


Times for Tray Development 
For roll film, cut film, and plates 


Temperature Time 
Ox ghee (EG Gori a rans ee 8 minutes 
7th on (ilies (On) AP te ie a ae 61% minutes 
Gpqenl Oe (ey AOL) ts an ee ee ee 5 minutes 


This formula has the following advantages: (1) It is non-blistering 
because no gas is formed when the developer is added to the acid 
hardening bath or the acid fixing bath, (2) the development rate 
changes slowly with time so that on slight overdevelopment the nega- 
tives will not be too dense, (3) it minimizes greatly any tendency for 
aerial fog, and (4) it has a minimum scumming tendency in conjunc- 
tion with the average acid fixing bath.*° 

After development, rinse the films or plates in water for one or two 
seconds only if the temperature is below 85° F. (29.5° C.) or, if the 
temperature is higher, omit the rinse entirely and transfer the films 
directly to the following tropical hardening bath: 


Avoirdupois Metric 
AWaICER orient MRIS. cok rect att Oe ae 32 ounces 1.0 liter 
ROtacsitnan Chrome alum\gadss tee oa eee ee I ounce 30.0 grams 
*sodium sulfate, desiocated .. of. cc .wed Wie cd koe 2 ounces 60.0 grams 


* If it is desired to use Sodium Sulfate, crystals instead of desiccated, then 3% 
ounces per quart (105 grams per liter) should be used. 

88 The use of sodium sulfate and similar substances as an addition to develop- 
ers for the purpose of preventing the swelling of the gelatin was recommended 
by Bunel, Bull, Soc. frang. Phot., 1910, 174; Brit. J. Phot., 57 (1910), 300, by 


Lumiere and Seyewetz; Brit. J. Phot., 58 (1911), 137, and Eastman Kodak Cox 
Brit. J. Phot., 7% (1924), 762. 


8° Tropical Development, Eastman Kodak Co., 1936. ; 
40 Formula D-76 (p. 318) may be used with the addition of 114 ounces of 
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Agitate the film for 30 to 45 seconds when first immersing it in the 
hardener, or streakiness will result. The bath is a violet-blue color by 
tungsten light (white bulb) when freshly mixed, but it ultimately turns 
a yellow-green with use; it then ceases to harden and should be re- 
placed with a fresh bath. Allow from three to four minutes for 
hardening and then transfer to the usual fixing and hardening bath. 

The Relative Temperature of the Various Solutions.—Regard- 
less of the method employed in processing photographic materials at 
a high temperature, it is important that the temperature of the various 
solutions be kept as nearly alike as possible. The transference of the 
film from a cold solution to a warmer one, or vice-versa, subjects the 
gelatin layer to strain which is likely to result in reticulation. Re- 
cent experiments have shown that the excessive graininess of films 
processed in warm solutions is a mild form of reticulation although 
not immediately recognizable as such. The effect of a sudden change 
in temperature is at a maximum with swollen gelatin, hence, the 
desirability of preventing swelling at all stages of processing and 
hardening the film permanently as soon as possible. 

Physical Development.—The process of development mis- 
takenly known by this term consists in the use as a developer of a 
solution containing a silver salt in conjunction with a suitable reducing, 
ie., developing, agent. The reducing agent results in the formation 
of metallic silver in a colloidal state which is precipitated upon the 
latent photographic image. Thus the image is formed as a result of 
the deposition of silver from the developing solution and not, as in 
the usual method of development, by the reduction of the exposed 
grains of silver halide in the emulsion to metallic silver. 

So far as negative development is concerned, physical development 
is of interest chiefly as a means of obtaining an image of extremely 
fine grain. With physical development, the grain size of the image is 
largely independent of that of the emulsion. As applied to the devel- 
opment of transparencies, physical development is notable for the rich, 
velvety, transparency of the shadows and the unique bluish-black tones, 
while as a means of intensification it has the advantage of acting pro- 


sodium sulfate per quart of developer (45 grams per liter). The approximate 
times of development are: 
seco adl slenml Clolsie Leow hxc dp O oOo CN On 9% minutes 


Soce hs, (20% co Go) meaergertertate eels 7 minutes 
OO! Pn (32S Ca) acres s aks 5 minutes 
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portionally and unlike many other methods of intensification producing 
permanent results.* 

Against these advantages must be set certain disadvantages: (1) the 
process is slow, (2) more than ordinary care and attention to detail 
is required, (3) there is less latitude in exposure, (4) there is less con- 
trol over the contrast of the negative. 

The most widely used method for negative development is that of 
Odell based upon earlier work by Luppo-Cramer.** Odell’s method 
involves two operations: (1) preliminary treatment in a solution of 
potassium iodide, forming what is termed the “ forebath”; and (2) 
development from twenty-five to thirty minutes in a diaminophenol- 
silver nitrate developer followed by fixation in the usual acid fixing 
and hardening bath. According to Odell, no increase in exposure is 
required if the forebath is used. 

The forebath is prepared as follows: 


PotassittimetOdid@an.a1 eeeeers oes cc ene 5 gm. 80 gr. 
Soditimysulitte ((des))n-e ee 24s 12.5 gm. 195 gr. 
iWatertonasranrese eR ee 6 eer ates 500 cc. 16 oz. 


Use without dilution. The film or plate is immersed in the forebath 
for three to four minutes and then rinsed thoroughly in two or three 
changes of water. The forebath solution may be used several times 
before being discarded. 

The developer is prepared as follows: 


Sodiumiysulfiter(dess)ec ene ses eae ton eee oe 50 gm. E OZ: 300 gr. 
Silvermitratel(Ghystals)coaseeese. ser are ee 8gm. 120 gr. 
Hypo crystals (fresh prismatic).................. 80 gm. 2 oz. 300 gr 
Wiatenitoins ty manatee: tlh pen Ae semis WA 4 ae 500 cc. 16 oz. 


This solution is quite stable but should be kept from strong light. 
To mix, dissolve the sulfite in 8 ounces of water (250 cc.) and silver 
nitrate in 7 ounces (200 cc.). Add the silver solution to the sulfite 
solution and stir until the white precipitate is completely dissolved. 
Finally, add the hypo and stir until dissolved. 


41 See J. Soc. Mot. Pict. Eng., 17 (1031), 1001. 
42 Odell, Camera (Phila.), 46 (1933), 217. Photominiature: Physical Devel- 


opment. Brit. J. Phot., 80 (1933), 286, 303. Luppo-Cramer, Phot. Ind; I0r7; 
401. 


OpeLtt—After Four Years of Physical Development. Camera (Phila.), 
54 (1937), 145. Brit. J. Phot., 84 (1937), 310. 
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The developer should be prepared as required immediately before 
use as it does not keep. 


SilVerIsEOC ac Olona he eee in ene 100 cc; 34 oz. 
Walteritovarened eet agat hn torn eek: 500 cc. TLOMMOZs 
Diaminophenole(dry) ena ae ee 34 gm WD Sie 


Stir until the diaminophenol is completely dissolved. This solution 
must be used in vessels of either glass, bakelite or other synthetic resin 
material, stainless steel or chromium plated metals. The silver will 
deposit on other substances weakening the developer. 

The time of development, with constant agitation, is from twenty- 
five to thirty minutes at a temperature of 65° F. The importance of 
thorough agitation can hardly be overestimated; it is one of the most 
important factors in securing clear negatives of good density and con- 
trast. The higher the temperature of the developer the more impor- 
tant is thorough agitation ; however, physical development is not advis- 
able at a temperature higher than 70° F. (21° C.). 

After development, the film, or plate, is rinsed briefly in water and 
fixed in the usual acid fixing and hardening bath. 

Horizontal Development.—This term is applied to a method of 
development advocated by Walter *° in 1907, in dealing with negatives 
of contrasty subjects. The tray is made absolutely level, the develop- 
ing solution poured over the plate or film and left undisturbed until 
development ts complete. Sensitometric studies of the results obtained 
have been made by Mees and Wratten and by Heydecker.4* The 
latter using a dilute glycin developer requiring 50 minutes to develop, 
found that the lower densities—those lying in the toe of the D-log E 
curve—are increased, while the higher densities are depressed and the 
shoulder of the curve begins at a lower density. 

The developing tray must be absolutely level and the solution totally 
undisturbed during development if the end sought is to be attained. 
The theory of this method of development is that those portions of 
the negative which have received the most exposure develop first and 
release free bromide which, owing to the stagnant developer, remains 
in the vicinity where it is created and serves to retard development thus 


43 Walter, Brit. J. Phot., 54 (1907), 884. ; 
44 Mees and Wratten, Brit. J. Phot., 54 (1907), 172. Heydecker, Brit. J. Phot., 


70 (1923), 635. 


Knapp—Knapp System of Development. Brit. J. Phot., 80 (1933), 191 
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preventing the highlights from attaining their full density, while the 
lower densities are being fully developed. 

Contrast Developers.—A developing solution designed for max- 
imum contrast with process materials must produce density readily and 
be free from any tendency to fog even with prolonged development. 
At the present time, this condition is most nearly satisfied by concen- 
trated metol-hydroquinone or hydroquinone developers with a high 
concentration of alkali restrained with potassium bromide. To secure 
the high alkalinity necessary for rapid development, the alkaline car- 
bonates are frequently replaced by the caustic alkalis, such as sodium 
or potassium hydroxide, while for certain sensitive materials the use 
of para-formaldehyde is recommended. Developers of this type 
should act rapidly so that full density is produced before the restrain- 
ing effect of the potassium bromide is overcome. 

From a practical standpoint, it should be noticed that developers of 
this type should not be used at temperatures below 60° F. or above 70° 
F, Also, to prevent stain, the negative should be rinsed well between 
development and fixing.*° 

Combined Developing and Fixing—wWhile considerable atten- 
tion has been devoted to the subject of combined developing and fixing, 
a thoroughly practical and reliable method has not yet been developed. 
Usually considerable overexposure is necessary and besides there are 
two other drawbacks: (1) development and fixation are unequally 
affected by temperature so that it is difficult to secure the proper bal- 
ance between the two except at a particular temperature; (2) with 
the exception of pyrocatechin the activity of all organic developing 
agents is affected by hypo resulting in staining of the image and the 
formation of dichroic fog. 

The most reliable formulas for use with present day sensitive ma- 
terials are probably those of Lumiere and Seyewetz.*® 

45“ Negative Developers for Contrast,” Southworth, Brit. J. Phot., 75 (1928), 


680, 706. 
46 Lumiere and Seyewetz, Brit. J. Phot., 71 (1925), 44. 
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The Chemistry of Fixation—vThe removal of the silver halide 
remaining in the emulsion after development is termed fixing. Only 
a few substances are capable of converting the silver halides into 
soluble compounds and of these sodium thiosulfate (Na,S,O,°5H,O), 
commonly termed hypo and sometimes incorrectly referred to as 
sodium hyposulfite, is the only one of practical utility.t 

The precise chemical reactions involved in the fixing process are 
still obscure.2, Thiosulfate ions undoubtedly combine with silver ions 
to form various soluble complex ions, as for example 


AgBr + 3Na,S,O, — NaBr + Na,Ag(S,O3;)3, 
AgBr + 2Na,S,O; — NaBr + Na,Ag(S,O,)., 
2NaBr + 3Na,S,0, > 2NaBr + Na,Ag,(S,O3).. 


A number of such complexes are possible and in a used fixing bath 
it is probable that several are present in equilibrium, the particular 
ones present depending upon the relative concentrations of thiosulfate 
and silver. It is possible that in a fixing bath containing only a small 
amount of silver the complexes may contain even more thiosulfate 
than those in the equations, while in a used fixing bath the slightly 
soluble NaAgS,O, may be found. 

Since these insoluble, or slightly soluble, complexes are unstable, they 
will, if left in the film, decompose in time, producing a silver sulfide 
stain. 


1 The sulphocyanides as fixing agents. Cf. Piper, Brit. J. Phot., 61 (1914), 
458, 511. 

2 Herschel, Edinburgh Phil. Jl., 1 (1819), 8, 396. Baines, Phot. Jl., 69 (1929), 
314. Sheppard, Elliott and Sweet, J. Frank. Inst., 195 (1923), 45. 


Baines—Chemistry of Fixation. Phot. J., 69 (1929), 314-317. 

RenwickK—Principles and Practice of Fixation. Phot. J., 69 (1929), 
310-314. 

SHAaAw—Fixation and Permanence. Brit. J. Phot., 80 (1933), 214. 

SHEPPARD AND Mres—Theory of Fixation. Phot. J., 46 (1906), 235. 

Warwick—The Laws of Fixation. Amer. Phot., 11 (1917), 585. 
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Fixing Baths.-While a solution of hypo will dissolve silver 
halide, it does not form a satisfactory fixing bath because the de- 
veloping solution on the surface of the films or prints, when placed in 
the fixing bath, oxidizes and causes stain. Staining may be prevented, 
however, if a substance, such as sodium sulfite, which tends to prevent 
the oxidation of the developer, is added to the fixing bath. The addi- 
tion of a weak acid neutralizes the alkali introduced by the developer, 
maintains the bath in an acid condition, and assists the sodium sulfite 
in preventing the oxidation of the developing agent thus greatly in- 
creasing the period over which the fixing bath may be used without 
danger of staining. 

The most convenient method of preparing an acid fixing bath is by 
the use of an acid sulfite such as sodium bisulfite (NaHSO,). 


ELV pore Peet cory Sone ke eer tte eterna 8 oz. 250 gm. 
Sodiumsulfitemiy ats 26s ae ee eee 145 gr Io “f 
Soditmubisulfitess 59.011. sees ee oe 365 er AN 
Water tomuakens 0,714.5 ee cee oOo 32 oz 1000 cc 


The sodium sulfite is added to prevent possible precipitation in hot 
weather. 

With use, the reserve acidity is soon neutralized by the developer 
brought over into the fixing bath and it becomes necessary either to 
discard the bath or to add a 25 per cent solution of sodium bisulfite 
in sufficient quantity to render the bath acid. 

Acid fixing baths of this type are satisfactory when it is not neces- 
sary to harden the gelatin or if a hardening stop bath is employed after 
developing and prior to fixing. 

Acid Fixing and Hardening Baths.—A combined acid fixing and 
hardening bath contains the following ingredients: (1) a solvent of 
silver halide, (2) an anti-staining agent, (3) a preservative, and (4) a 
hardening agent. 

These ingredients ordinarily are hypo; an organic acid, usually 
acetic ; sodium sulfite and alum. 

It is the function of the acid to neutralize the alkali in the developer 
carried over on the film preventing oxidation thus keeping the bath 
clear and free from staining tendencies. The addition of acid to a 
solution of hypo, decomposes the hypo forming sulfur and sulfurous 
acid, and destroys the fixing power of the bath. To prevent the 
precipitation of sulfur, sodium sulfite, which combines with sulfur to 
form hypo, is added. An acid fixing bath is thus rendered stable by 
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the sulfite, which also assists in preventing the oxidation of the de- 
veloping solution carried over into the fixing bath. 

Organic acids, such as acetic, citric and oxalic, are better adapted 
to these requirements than inorganic acids, such as sulfuric or hydro- 
chloric, because being less disassociated they do not tend to precipitate 
sulfur from a solution of hypo so readily.. Solid organic acids, on the 
other hand, produce with aluminum salts (such as the alums) complex 
aluminum ions which are not satisfactory as hardening agents. The 
acid sulfites, such as sodium bisulfite and potassium metabisulfite, are 
not suitable for a fixing bath containing alum, as the reserve acidity is 
not sufficient to prevent the precipitation of aluminum sulfite upon the 
addition of alkali. 

Hardening of the gelatin may be produced by salts of aluminum, 
chromium, and iron, by formaldehyde, tannin, and by quinones and 
quinonid bodies. Of these only the alums and formaldehydes are 
suitable for use in fixing baths. The hardening produced with alum 
is due to the hydrolytic separation of the alum into hydrous oxide and 
free acid, 

Al,(SO,)s + 3H,0 = Al,O, + 3H,SO,. 


The alumina, or other oxide, combines with the gelatin probably as 
an absorption complex and is retained on washing in hot water. 


CRABTREE AND RusseLt—Some Properties of Chrome Alum Stop Baths 
and Fixing Baths: I. Chrome Alum Stop Baths. II. Chrome Alum 
Fixing Baths. J. Soc. Mot. Pict. Eng., 15 (1930), 483-512, 667-700. 

CRABTREE AND RusseLL—Acid Hardening Fixing Composition. (Fast- 
man Kodak Co.) U.S.P. 2,063,297 of 25.10.34. 

Eiiott, SHEPPARD AND SwEET—The Chemistry of the Acid Fixing Bath. 
J. Frank. Inst., 196 (1923), 45. 

Kirser—Chemistry of Fixing Baths. Phot. Ind., 32 (1934), 696; S.&LP., 

(II), 5 (1934), 252. 

LuTHER AND ROMMLER—Chemistry of the Fixing Bath. Phot. Ind. 
(1928), 626. 

MevunHier—Liquid Hardener Solutions. (Eastman Kodak Co.) U.S.P. 
1,981,426 of 18.4.33. 

RusseLtt—Acid Hardening Fixing Bath. (Eastman Kodak Co.) U.S.P. 
1,981,391 of 27.9.32. 

RuSsELL AND CRABTREE—An Improved Potassium Alum Fixing Bath Con- 
taining Boric Acid. J. Soc. Mot. Pict. Eng., 21 (1933), 137. 

Sraup AND Briccs—Hardening Photographic Gelatin Emulsions and Gela- 
tin Solutions. Kodak Ltd. B.P. 444,289 (4.8.34). 

SuHEpparp—Hardening Photographic Gelatin Emulsion and Solutions. 
(Eastman Kodak Co.) U.S.P. 2,059,817 of 27.9.34. 
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The hardening action of formaldehyde is due probably to the inter- 
action of the amino groups of the gelatin with formaldehyde resulting 
in the formation of an insoluble compound of undetermined com- 
position.® 

The following is a widely used formula for an acid fixing and 
hardening bath using potassium alum: 


Avoirdupois Metric 
Waele eraccraeteert << crave r= na. eeele 64 ounces 2.0 liters 
IE WiDOySere elo score icte ittorace age ards 16 ounces 480.0 grams 


When thoroughly dissolved, add the following hardening solution * 
slowly to the cool hypo solution while stirring the latter rapidly : 


Avoirdupois Metric 
Water (about 125° F.) (52° C.)...-. 5 ounces 160.0 cc. 
Sodium sulfite, desiccated......... I ounce 30.0 grams 
Acetic-aciad (289) pure)'.- 35. =. 3 ounces 96.0 cc. 
RGtasciummpaltimet arises ae eee I ounce 30.0 grams 


The period over which the hardening properties and the sludge-free 
life of a potassium alum fixing bath are maintained is greatly increased 
by the addition of boric acid, or a compound of boron, such as borax.°® 

The following formula is recommended: 


Acid Hardening Fixing Bath ® 


Avoirdupois Metric 
Water (about 125° F.) (52° C.).. 20 ounces 600.0 cc. 
Sodium thiosulfate (hypo)...... 8 ounces 240.0 grams 
Sodium sulfite, desiccated....... 14 ounce 15.0 grams 
Acetic acid (28% pure)......... 1% fluid oz. 48.0 cc. 
Boric acidmenystalsen. as ooaeees 14 ounce 7.5 grams 
Rotassrummalmmne coe 1. cere 1% ounce 15.0 grams 
Cold water to makess......... 32 ounces 1.0 liter 


When rapid fixing is desired, it is preferable to increase the hypo 
concentration to 12 ounces in 32 ounces (360 grams to 1 liter). 

Chrome Alum Fixing Baths.—A properly compounded chrome 
alum fixing bath hardens gelatin more completely than one of potas- 
sium alum, but its hardening properties fall off more rapidly, unless 


8 Sheppard, Photography as a Scientific Implement, p. 138. 

4 Eastman formula, F1. 

5 Russell and Crabtree, J. Soc. Mot. Pict. Eng., 21 (1933), 139. 
6 Eastman formula, Fs. 
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acid is added from time to time to maintain the proper acidity. 
Chrome alum fixing baths are desirable when processing at high tem- 
perature, if the wash water is warm, or if it is necessary to dry 
rapidly at high temperature. Except under such conditions, potassium 
alum baths are usually more satisfactory owing (1) to their longer 
life and (2) because chrome alum baths when partially exhausted may 
harden the surface of the gelatin and not the underlying layers, which 
would tend to cause reticulation. 


Chrome Alum Fixing Bath? 


Avoirdupois Metric 

Solution A 

Sodium thiosulfate (hypo)... 2 pounds 960.0 grams 

Sodium sulfite, desiccated.... I oz. 290 gr. 50.0 grams 

Water tormake ~~. 5. 96 ounces 3.0 liters 
Solution B 

NVGK GSI Ows Goan oceans 20 ounces 600.0 cc. 

Sodium sulfite, desiccated.... 290 grains 20.0 grams 

SUliniicra cic Santee 5 fluid ozs. 160.0 cc. 

Potassium chrome alum..... 41% ounces 218.0 grams 

Watermto makers) -cs.1se4ce 32 ounces 1.0 liter 


Cool the solutions to 70° F, (21° C.) and add solution B slowly to 
solution A while stirring the latter thoroughly. 

Solution B should not be kept as a stock solution as the hardening 
properties become less with age. 

Usually, the hardening properties of a chrome alum fixing bath are 
destroyed by the addition of developer before the bath is exhausted. 
The addition of sulfuric acid from time to time, in quantities sufficient 
to maintain the proper degree of acidity lengthens the useful life of 
the bath. The quantity of sulfuric acid required may be found by 
titrating about one ounce (30 cc.) of the fixing bath with 2.5 per cent 
sulfuric acid, using brom-phenol-blue as the indicator. Sufficient acid 
should be added to make the solution yellow. The quantity of acid 
necessary to bring the fixing bath to the proper acidity can be calculated 
from the amount added to the test solution. 

Preparation of Fixing Solutions—wNo difficulty is usually ex- 
perienced when mixing a plain hypo solution. When mixing a quan- 
tity of solution in a tank, the filter bag should be used and the hypo 
dissolved in warm water, because the temperature drops considerably 
while the hypo is dissolving. If a scum forms on the surface of the 


7 Eastman formula, F-23. 
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solution on standing, it should be removed by drawing the edge of a 
towel or blotter, or a cheesecloth skimmer, across the surface. 

In preparing an acid fixing bath which contains either sodium bi- 
sulfite, or potassium metabisulfite, care should be taken not to add these 
to the warm hypo solution ; otherwise sulfur will be precipitated and the 
bath rendered milky. The solution should be quite cold (not above 
70° F. (21° C.) when mixed. 

In preparing an acid fixing and hardening bath, the order of mixing 
the acid hardener is important. When mixing in one vessel, first 
dissolve the sulfite in warm water (125° F. (52° C.); then add the 
acid; and, finally, the potassium alum. Another method is to dissolve 
the alum and sulfite in separate solutions, cool, add the acid to the 
sulfite solution, and then add the alum solution.*® 

The hypo should be cool and completely dissolved before adding the 
hardener, or sulfur is likely to be precipitated. 

Fixing baths containing chrome alum as the hardening agent gen- 
erally have sulfuric acid as the active acid. Usually, no difficulty is 
experienced in preparing such baths, provided care is taken in adding 
the sulfuric acid to the chrome alum solution. The acid should be 
added slowly, while the solution is vigorously stirred, in order to in- 
sure thorough mixing, since the acid is heavy and will sink to the 
bottom if not well mixed. Water should never be added to sulfuric 
acid or the solution may boil and spatter acid on the hands or face, 
causing serious burns. 

The Hardening of Gelatin in Fixing Baths—The degree of 
hardening produced in an acid fixing and hardening bath depends 
upon: 

1. The composition of the bath. Under given conditions, the degree 
of hardening produced in an acid fixing and hardening bath employ- 
ing potassium alum depends upon the pH value of the bath, which in 
turn is determined by the relative proportions of acid, sulfite, and alum. 
For each concentration of acid, there is a definite quantity of sulfite, 
which produces the maximum hardening with a given quantity of alum. 
An increase in the amount of alum results in a higher degree of 


8 To make 28 per cent acetic acid from glacial acetic acid, dilute three parts of 
glacial acid with eight parts of water. 

In the case of formulas requiring boric acid, the crystalline form should be 
used. Powdered boric acid dissolves only with great difficulty, and its use should 
be avoided, 
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hardening, but increases the tendency of the bath to sludge upon the 
addition of developer.® 

2. The time of fixing. The degree of hardening increases with the 
time of fixing up to a maximum which depends upon the bath and the 
conditions of fixing. The time required for maximum hardening may 
vary from three to fifteen minutes, depending upon the fixing bath 
and the thickness of the gelatin layer. 

3. The alkalinity of the film when placed in the fixing bath. The 
quantity of alkali in the film when it is placed in the fixing bath is one 
of the major factors in the degree of hardening produced in an acid 
fixing and hardening bath. Film which is strongly alkaline is not as 
thoroughly hardened as that which has been well washed before fixing. 
For maximum hardening, therefore, film should be well washed after 
development, or placed in a stop bath, before being transferred to the 
fixing bath. 

4. The temperature of the fixing and hardening bath. The degree 
of hardening increases slightly with the temperature of the fixing bath, 
but if the temperature of the developer and rinse water, or stop bath, 
has increased at the same time, the film will not be as thoroughly 
hardened because of the increased swelling of the gelatin when placed 
in the fixing bath. The temperature of the fixing bath and other proc- 
essing solutions should be maintained between 65 and 70 degrees F. 
(18° to 20° C.) for maximum hardening. 

Effect of Use on a Fixing Bath.—The major changes taking 
place in a fixing bath as it is exhausted through use are as follows: 

1. The concentration of hypo is reduced. This reduces the amount 
available for fixing and tends more and more to form complex ions of 
silver thiosulfate which are either slightly soluble, or insoluble, in 
water. 

2. Sodium silver thiosulfate, sodium bromide (and iodide in the case 
of sensitive materials containing iodide) accumulate in the bath. The 
exact formula of the silver compound is not definitely known but is 
probably Na,;Ag,(S,O3;)5.7° 

The fixing properties of the bath are not materially affected by the 
silver compound—except to the extent to which it represents a reduc- 
tion of the original hypo concentration—but the accumulation of alka- 
line halide, particularly potassium iodide, greatly retards the rate of 


9 Crabtree and Hartt, Trans. Soc. M. P. Eng., 13 (1929), 364. 
10 Barth, Z. Phys. Chem., 9 (1912), 218, 
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fixing and materially reduces the fixing properties of the bath.4 The 
presence of even a small amount of iodide is sufficient to prevent 
thorough fixation, although the amount of silver present in the fixing 
bath is far below the saturation point. 

3. The hardening properties are reduced as a result of the gradual 
neutralization of the free acid in the fixing bath by the alkali carried 
over on the film. When the acidity of the bath has been reduced be- 
yond a certain value, usually near the neutral point, a sludge of alumi- 
num sulfite forms and the hardening properties are destroyed. The 
amount of alum adsorbed, or otherwise removed from the bath in 
hardening, is negligible and is without practical effect on the hardening 
properties of the bath.” 

The limits to which a fixing bath may be used, with the assurance of 
thorough fixation, depends on (1) its ability to convert the silver 
halides into soluble silver sodium thiosulfate compounds and (2) its 
ability to harden the gelatin sufficiently. 

When sensitive materials containing silver iodide are fixed, the 
saturation point of solutions of hypo is fixed by the amount of silver 
iodide present. The presence of silver iodide above the saturation 
point prevents complete fixation, even if the amount of dissolved 
silver is much below the saturation point.** 

The investigations of Busch and Lehrmann indicate that in a solution 
of hypo containing 150 gm. to 1000 cc. the bath is exhausted when 
the silver content reaches 0.6-0.7 per cent. If a negative emulsion is 
assumed to contain 0.10 gram silver per square meter, then for practi- 
cal purposes each ounce of fixing bath should be sufficient for approxi- 
mately 15 square inches of plate or film. 

In practice, the time of clearance—which is a direct indication of 
the time required for fixing—is so greatly increased by the restraining 
effect of the accumulated alkaline halides that the bath is discarded 
before the limit is reached because of the time required to clear. As 
a general rule, a fixing bath should be discarded when the time of 
clearing is double that of a fresh solution, assuming in each case the 
same sensitive material. 

With a potassium alum fixing bath containing boric acid, the harden- 

11 Busch and Lehrmann, Brit. J. Phot., 75 (1927), Ot. 


12 Crabtree and Hartt, Trans. Soc. Mot. Pict. Eng., 18 (1929), 364. 
13 Busch and Lehrmann, loc. cit. 


LEHMANN AND BuscH—Fixing Baths and their Better Utilization. Kino- 
tech Jahrbuch, 1925/26, 114-130; S.&I.P., 6 (1926), 148. 
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ing properties under normal conditions are not substantially reduced 
before the bath is exhausted. With potassium alum fixing baths 
which do not contain boric acid, and more particularly with chrome 
alum fixing baths the loss of hardening properties usually makes it 
necessary to discard the bath before it is exhausted, unless the acidity 
is maintained by the addition of acid from time to time. 

The Testing of Used Fixing Baths——The amount of silver 
present in a used fixing bath may be determined by adding a solution 
of sodium sulfide to a sample of the bath diluted with water. A brown 
precipitate is produced, the depth of which depends upon the amount 
of silver. The quantity of silver present may be determined by com- 
paring the color of the test solution—held before an illuminated screen 
in a glass tube—with other tubes containing a known concentration of 
silver sulfide. 

There are two drawbacks to this method of testing a fixing bath: 
(1) the standardized comparison solutions do not keep well; (2) the 
color of the precipitate from a fixing bath varies with the acidity, the 
sulfide, and alum content of the bath, as well as the quantity of silver 
present. 

The last-mentioned drawback may be overcome by using the follow- 
ing test solutions: 


Solution A 
Citiicracicl arena tae tks. seen eee ve 9 grams 114 ounces 
Sodiumrcitratemne crriccnate cee: LOOM: 13 Ks 
Watete toumakemymnssts.. costae at 1000 cc. 128 as 
Solution B 
Gelatine erence ies 4 grams 14 ounce 
Wiaterctome arcencmon cir oc caine as 1000 cc. 128 ounces 


Clove oil (a few drops for preservation) 


Soak the gelatin in a small amount of water until well swollen, then 
heat gently, stirring until all is in solution; dilute to proper volume 
with water and pour into a bottle; add the clove oil and shake a few 
times. 


Solution C 
Sodium sulfide (CP Crystals)....... 10 grams I ounce 
Sodium sulfite (desiccated)......... 6 “ 260 grains 
WEES Oa elm ae icar RARE t ofcac Clots, 100 cc. 10 ounces 


A sample of the fixing bath is measured out with a 2 cc. pipette and 
allowed to drain into a 50-cc. graduated cylinder, Five cubic centi- 
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meters of solution A are added, and then 5 cc. of solution B after 
which the cylinder is filled to the 50-cc. mark with water. Add I ce. 
of solution C and compare the opacity of the resulting precipitate with 
a standardized solution containing a known quantity of silver. 

The concentration of silver in a sample of the fixing bath to which 
the testing solution has been added may be found by measuring the 
opacity of the precipitate. An instrument known as the Argentometer, 
employing a photronic cell, has been introduced by the Eastman Kodak 
Company for making such measurements quickly and conveniently.“ 

The following method based upon the formation of a precipitate of 
silver iodide has also been recommended for determining when a fixing 
bath is exhausted : 

Withdraw 2% ounces (100 cc.) of the fixing bath and add 4 ounce 
(10 cc.) of a 4 per cent solution of potassium iodide. The bath may 
be regarded as exhausted if a yellow precipitate is formed on standing. 
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Fic. 176. Influence of Concentration of Hypo on Time of Fixation 


Another method suggested frequently is as follows: immerse a strip 
of film, or bromide paper, in the fixing bath until clear, then wash for 
several minutes and place in a I per cent solution of sodium sulfide. 


14 une Argentometer—An Apparatus for Testing for Silver in a Fixing 
Bath,” W. J. Weyerts and K, C, D, Hickman, Brit. J. Phot., 82 (1935), 730. 
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The appearance of a brown discoloration indicates the presence of 
silver halide due to imperfect fixation. 

The Time of Fixing.—The time required for the conversion of 
the silver halide into soluble complexes of sodium silver thiosulfate 
depends upon a number of factors: 

1. The nature and the thickness of the emulsion. In general, fine- 
grain emulsions, such as those employed for positive printing, fix much 
more rapidly than negative emulsions which are composed of larger 
grains. Emulsions containing silver iodide fix more slowly than those 
of silver bromide, and these in turn 
more slowly than emulsions of sil- 
ver chloride. A thickly coated ma- 
terial requires a longer time to fix 
than a thin one, if both emulsions 
are of the same general character. 

2. The nature and degree of ex- 
haustion of the fixing bath. The 
rate of fixing varies with the con- 
centration of hypo, generally in- 
creasing up to a concentration of 30 
to 40 per cent, and then decreasing 
(Fig. 176). The concentration at 
which the maximum rate of fixing 
is obtained depends in part upon the 
nature of the emulsion. 

The addition of ammonium chlo- 
ride to a plain hypo solution (not 
above 70° F.) increases the rate Gia. Tiiceicel Mev ae 
Oia te ge opute toxin shaths: Of tNiS co ech iacde an 1 then Time of 
type may not be so thoroughly ex- Fixation. 
hausted as an acid fixing and hard- 
ening bath.® The effect varies with the amount of ammonium chlo- 
ride added and the concentration of the hypo solution (Fig. 177). 

The time required for fixing increases as the solution becomes ex- 
hausted owing (1) to the lower concentration of hypo and (2) to the 
restraining effect of the alkaline halides which accumulate in the 
bath.1® 

15 Lumiere and Seyewetz, Bull. Soc. frang. Phot., 1908, 217. Piper, Brit. J. 


Phot., 61 (1914), 193, 437, 458, 511; 62 (1915), 364. Agfa, B.P. 25,869 of 1906. 
16 Strauss, Phot. Ind., 23 (1925), 911. Crabtree and Ross, Amer. Annual of 


Phot., 1927, 159. 
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3. The temperature of the fixing bath. The effect of temperature 
varies with the concentration of hypo (Fig. 178). At temperatures 
above 70°F, (21° C.) an acid fixing and hardening bath tends to sul- 
furize, and the degree of hardening is reduced, as the gelatin swells 
excessively before the hardening action becomes effective. 


MINUTES 


IN 


TIME 


60° oa 


40° 20° 30° 4o* 50 
TEMPERATURE OF FIXING BATHS (°CENTIGRADE) 


Fig. 178. Influence of Temperature on Time of Fixation 


4. The degree of agitation. Agitation reduces the time required in 
fixing, but the effect is much less with fine-grain positive materials 
than with negative emulsions of coarser grain and more thickly coated. 

Silver Recovery.—There are several methods by which the sil- 
ver in a used fixing bath may be recovered; usually, however, the 
financial return is hardly sufficient to justify the expense and labor 
involved, except when dealing with large volumes of fixing bath.17 

Silver Recovery with Sodium Sulfide. This is one of the most 


17 Bibliography on processes of silver recovery and resume of methods. Crab- 
tree and Ross, American Annual of Photography, 41 (1927), 159. 


LUMIERE AND SEYEWETZ—The Time of Fixing of Developing Papers. 
Brit. J. Phot., 7z (1924), 108; Bull. Soc. franc. Phot. (1924), p. 31. 

LUMIERE AND SEYEWETZ—The Fixing of Photographic Negatives. Rev. 
franc. Phot., 5 (1924), 61. 

Piper—The Rate of Fixing. Brit. J. Phot., 60 (1913), 59. 

Warwick—The Fixation of Prints. Amer, Phot., 11 (1917), 639. 
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satisfactory methods of precipitating the silver in a used fixing bath 
as it is rapid and economical, but acid fixing baths must first be 
neutralized with caustic soda to prevent unpleasant fumes of hydrogen 
sulfide. 

The chemistry of the reaction is as follows: 


Na,S + Na,Ag,(S,0;)3 = Ag.S + Na,S,O,. 


Proceed as follows: Prepare a solution of caustic soda by dissolving 
2 lbs. of commercial caustic soda in one gallon of cold water (240 
grams in 1000 cc.). 

Add one ounce of the solution of caustic soda to each gallon of the 
used fixing bath, stir well and test with red litmus paper. If the 
litmus paper does not turn blue, add more caustic soda until it does. 
Finally, add 1/5 oz. of caustic soda per gallon of fixing bath to assure 
reserve alkalinity. 

The solution of sodium sulfide is prepared by dissolving two lbs. 
in one gallon of water (240 grams to 1000 cc.). This solution should 
not be prepared in close proximity to sensitized materials. 

Add one ounce of this solution to each gallon of the neutralized 
fixing bath (7.5 cc. to 1000 cc.). Stir well and allow to stand for a 
few minutes. To determine if the silver has been completely precipi- 
tated, withdraw a small volume of the solution, filter, and add a little 
of the sodium sulfide solution. If a dark precipitate forms, more of 
the sodium sulfide solution should be added to the fixing bath until the 
test gives a clear solution. 

Allow ten to twelve hours for the sludge of silver sulfide to settle 
out and drain off the clear liquid. 

Silver Recovery With Zinc. The reaction taking place when zinc 
is added to a used hypo bath may be written as follows: 


Na,Ag,(S,O,)3 + Zn= 2Ag + ZnS,O, + 2Na,S,O3. 


The amount of silver recovered is less than with sulfide and precipita- 
tion is not as rapid, but no objectionable odors are produced. 
Although silver is precipitated by zinc from either acid or alkaline 


ARENS AND Eccert—Recovery of Silver from Used Fixing Baths. Phot. 
Ind., 34 (1936), 1011, 1040; S.&I1.P. (11), 7 (1936), 402. 

HickKMAN AND HynpmMan—Automatic Silver Recovery from Hypo. Brit. 
J. Phot., 74 (1927), 683. 

CRABTREE AND Ross—Recovery of Silver from Exhausted Fixing Baths. 
Brit. J. Phot., 73 (1926), 522-526. 
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fixing baths, the best results are obtained if the bath is acid. Most 
discarded fixing and hardening baths are slightly acid; if tests with 
litmus paper show a particular bath to be alkaline, glacial acetic acid 
should be added until the bath is distinctly acid. 

Either zinc dust, granulated, or sheet zinc may be used, but the rate 
of precipitation is very slow with the last two. 

Using zinc dust, add 24 of an ounce to each gallon of fixing bath 
(5 grams per liter) while stirring constantly. Continue to stir the bath 
for three or four minutes and then allow to stand for 16 to 24 hours. 
Complete precipitation of the silver may be determined by testing with 
sodium sulphide. 

After draining away the clear solution, the sludge should be removed, 
filtered if necessary, and dried.** 

Electrolytic Methods of Recovery. The silver in a used fixing bath 
may also be recovered by electrolysis. An electric current passing 
between electrodes immersed in the fixing bath will cause the silver 
to separate either as metallic silver or as a suspension of silver sulfide, 
depending upon the difference in potential. Elaborate machinery for 
recovering silver from fixing baths has been developed and is used 
widely in motion picture processing laboratories. The silver is re- 
covered as metallic silver and, as the processes employed may be used 
to remove silver from a fixing bath while in use, it retains its fixing 
and hardening properties longer.t®° The factor of expense places such 
equipment beyond the resources of all but the larger laboratories. 

Silver recovery units of separated copper and zinc plates forming 
an electrolytic couple are available commercially. When placed in a 
fixing bath containing silver, a current flows through the bath from the 
zinc to the copper; if the potential is about 0.7 volts, metallic silver is 
deposited on the copper plate. These units produce a sludge if placed 
in a fixing bath when in use but form a very convenient means of 
recovering silver from discarded solutions as they require no particular 
attention. Large containers are necessary for the used baths, however, 
as from one to two weeks are required for the maximum recovery. 


18 The sulfides of lead, iron and hydrogen and sodium hydrosulfite or sodium 
formaldehyde-sulfoxylate may be used for the recovery of silver from used fixing 
baths but are no more efficient and relatively more expensive than sodium sulfide 
or zine. 

19 Hickman, Sanford and Weyerts, J. Soc. Mot. Pict. Eng., 17 (1931), 568. 
Hickman, J. Soc. Mot. Pict. Eng., 17 (1931), 591. 
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PART II]. WASHING 


The removal of the hypo and soluble by-products remaining in the 
film after fixation is essential to the permanency of the image, for if 
left in the gelatin they decompose, producing colored stains and caus- 
ing the image to fade. Ordinarily, the elimination of these by-products 
is accomplished by simply washing in water. Certain substances 
known as hypo eliminators are used under certain conditions to reduce 
the time of washing but offer no real advantage. 

Water Supply.—In general, water as supplied for human use is 
suitable for the washing of photographic materials. Water containing 
vegetable, or animal matter in solution, or dissolved salts, such as the 
bicarbonates, chlorides and sulphates of calcium, magnesium, sodium 
and potassium may cause trouble by producing a scum on the surface 
of the gelatin unless it is wiped carefully before drying.?° 

While salt water may be used for washing, the film should be washed 
for a short while—or passed through three changes of fresh water 
before drying. 

Water containing grit, or other solid matter, should be filtered before 
use. 

Washing Tanks.—Washing tanks vary in design and size ac- 
cording to the character of the sensitive material and are constructed 
of metal, wood, stone, hard rubber or plastic materials. Small tanks 
are less bulky and cumbersome if made of metal, hard rubber or plastic 
materials. Wood parafinned or coated with a waterproof paint, and 
stone are suitable for larger tanks which are permanently installed. 
The efficiency of a washing tank depends not only upon the time re- 
quired to completely change the water in the tank but also upon the 
agitation of the water in the tank. Other things being equal, the 
smaller the tank the more efficient it is ; consequently, the washing tank 
should not be larger than is actually required for the proper handling 
of the film. To ensure rapid renewal of the water in all parts of the 
tank, an inlet with a number of openings in various part of the tank 
is better than a single inlet. In small tanks, a single perforated pipe 
placed lengthwise along the bottom of the tank will result in good 
circulation, particularly if the water is allowed to overflow through 
openings along the sides. In large tanks, several such pipes equally 

20In extreme cases such water should be chemically treated before use. Most 
commercial methods of softening water are suitable (e.g., permuit) as is treat- 


ment with alum. See Matthews, G. E., and Crabtree, J. I, Water Supply in 
Processing Motion Picture Film, J. Soc. Mot. Pict. Eng., 16 (1931), 437. 
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spaced may be required for efficient washing. If good agitation of 
the water in the tank is provided, nothing is gained by siphoning the 
water from the bottom. 

The time required to change the water in a tank may be determined 
by filling the tank with a dye, or with a solution of potassium perman- 
ganate, turning on the water, and noting the time required to clear the 
tank of the colored solution. 

Time of Washing.—In general, hypo diffuses from the gelatin 
exponentially with time.24 In other words, the quantity of hypo 
leaving the film at any moment is proportional to the quantity present 
at the same time. 

Thus, for example, if for each minute of washing, one half of the 
hypo present leaves the film the amount originally present will be re- 
duced to one-fourth in two minutes, one-eighth in three minutes, one 
sixteenth in four minutes and in twenty minutes the amount remaining 
will be only 1/1,000,000 of that originally present. 

The rate at which the hypo diffuses from the gelatin layer depends 
upon the difference in the concentration of hypo in the gelatin and in 
the water in contact with it. The lower the concentration of hypo in 
the water in contact with the gelatin layer, the more rapid the diffusion 
of hypo from the gelatin. Thus the more rapidly the water in contact 
with the film is renewed and replaced with fresh, the less the time of 
washing necessary to reduce the amount of hypo by a given amount. 
The maximum rate of washing is obtained by spray. Experiments 
have shown that a plate, or film, held directly beneath a tap is washed 
in from five to six minutes.??_ In a tank, the time of washing depends 
primarily upon the time required to fill and empty the tank. The more 
often the water in the tank is changed the shorter the time of washing. 

21 Mees and Sheppard, Investigations on the Theory of the Photographic Proc- 
ess, 1903. Lumiere and Seyewetz, Bull. Soc. fran¢g. Phot., 1902, 251. Warwick, 
Brit. J. Phot., 64 (1917), 261. Elsden, Phot. Jl., 57 (1917), 90. Hickman and 


Spencer, Phot. Jl., 62 (1922), 225. 
22 Hickman and Spencer, Phot. Jl., 62 (1922), 225. 


Exsp—EN—The Theory and Practice of Washing. Phot. J., 57 (1917), 90; 
Brit. J. Phot., 64 (1917), 120. 

HIcKMAN AND SPENCER—Washing of Photographic Products. Phot. J., 
62 (1922), 225; 63 (1923), 208; Brit. J. Phot., 69 (1922), 387, 400. 

HICKMAN AND SPENCER—The Washing of Photographic Products, Parts 
TY, V, V1.1 -Phot. J 376a(1922),- 530. 

Warwick—Scientific Washing of Negatives and Prints. Amer. Phot., 11 
(1917), 317. 
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Since the object in washing is to reduce the hypo in the film to an 
amount which will ensure the stability of the image, it is evident that, 
for given conditions of washing, the time depends upon the amount 
of hypo originally present in the gelatin layer. For this reason, nega- 
tive film, owing to its thicker coating, requires longer washing than 
positive materials.?* Likewise gelatin which is excessively swollen 
from immersion in warm solutions, or a fixing bath which does not 
harden, absorbs more hypo and hence requires longer washing than 
that which has been properly hardened. It is essential, therefore, for 
rapid washing to prevent the undue swelling of the gelatin (1) by 
maintaining developing and fixing solutions at the proper temperature, 
(2) by using a fixing bath which hardens efficiently, and (3) by 
avoiding developing solutions which because of the time required for 
development allow the gelatin to swell excessively before it reaches the 
fixing bath. 

Tests for Hypo.—Two common methods are used to detect the 
presence of sodium thiosulfate in photographic materials and roughly 
determine the thoroughness of washing: 

(1) When the film is thought to be washed, it is lifted from the 
washing tray or tank and the surface water allowed to drain into 10 
or 20 cc. of the following alkaline potassium permanganate solution: 


Avoirdupois Metric 
Potassium permanganate........... 7.5 grains 0.5 gram 
Sodium hydroxide (caustic soda)..... 15.0 grains 1.0 gram 
Water (distilled) to make........... 32.0 OZ. 1.0 liter 


For use, take stock solution 1 part, water 20 parts. If a small 
percentage of hypo is present, the violet color will turn orange in about 
30 seconds, and with larger concentrations of hypo the orange color 
will change to yellow. 

Oxidizable organic matter, if present in the water, reacts with the 
permanganate solution and changes the color in the same manner as 
hypo. The water, therefore, should be tested as follows: 

Add a quantity of water equal in volume to that of the wash water 
drained from the film to a second test solution prepared as above from 
pure water. If the sample to which tap water has been added remains 
a violet color, this indicates the absence of organic matter and it will 
be unnecessary to repeat the test. If the color is changed slightly by 
the tap water, the presence of hypo in the film will be shown by the 


23 Papers constitute a special case. 
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relative color change of the two samples. For example, if the tap 
water sample turned orange, and wash water sample became yellow, 
it would indicate the presence of hypo; but if both samples remained 
the same shade, this would indicate the absence of hypo. 

A more sensitive test consists in placing strips of film in a solution 
of mercuric chloride, preferably one which also contains potassium 
bromide, and observing any turbidity which may develop-in the solu- 
tion. If sodium thiosulfate is present, it reacts with the mercuric 
chloride to form mercurous chloride which is relatively insoluble and 
causes a turbidity to appear in the solution. If no sodium thiosulfate 
or other reducing agent is present, the solution remains clear although 
the silver image is bleached white. 

The test solution is prepared as follows: 


WMercurieseblonidem-sn crews esate 365 gr. 25 gm. 
Potassium bromidesen- yee iee ie 365 gr. 25 gm. 
Wiaternto;make memmiyes crests oe ci 3202. 1000 cc. 


To make the test, place a piece of the washed film about 1 inch 
square, in a test tube and add about 10 cc. of the test solution. The 
appearance of a milky precipitate in Io to 15 minutes is an indication 
of the presence of hypo.** 

A very sensitive test is available in a solution of iodine and starch.?° 

Two stock solutions are made: 


TAP OULU OH eMart cae mie easyae «ake wae Sie ae 4 OZ. 100 gm. 
Potassium iodide: m2. css es eee. 4 OZ. 100 gm. 
Waterton nctosmiromie wane eon en earns 10 Oz. 1000 cc. 

Be SOMUMIAZICe  . eiedieteic ck nen ee Oe 4 OZ. 100 gm. 
WaterstOmater occa ees Ne cian roe 10 Oz. 1000 cc. 


A starch mixture is also prepared by mixing 90 grains (6 gm.) of 
soluble starch with cold water and adding this to 7 oz. (200 cc.) of 
boiling water. On cooling, dilute to 25 ounces (800 cc.) and add 60 
minims of Solution A (3.25 cc.) and 235 minims of Solution B (13 
cc.) diluting finally to a total of 35 ounces (1000 cc.). This stock 
solution keeps well and for use is diluted with one hundred parts of 
water. Ifa small quantity of this solution is placed in a test tube and 
the drippings from a negative or print are collected in the tube, the 
blue color of the solution will be immediately discharged if hypo is 
present. 


24 Crabtree and Ross, J. Soc. Mot. Pict. Eng., 14 (1930), 419. 
25 Clark and Jelley, Brit. J. Phot., 76 (1929), 714. 


FIXING, WASHING AND DRYING Sol 


Hypo Eliminators——Many substances have been recommended 
as a means of reducing the washing time by converting the hypo into 
compounds which are more soluble in water. Among the substances 
which have been recommended, for this purpose are lead acetate, 
hypochloride of zinc, hydrogen peroxide, ammonium persulfate, potas- 
sium permanganate, potassium percarbonate, sodium bicarbonate and 
caustic soda.*° 

A. E. Amor ?7 gives details of some investigations on the action of 
caustic soda at various concentrations and on ammonium persulphate, 
hydrogen peroxide and patassium permanganate. A 0.2 per cent 
solution of caustic soda and potassium persulphate were found to be 
the two most efficient eliminators but neither represents a decided su- 
periority over washing in running water provided that this is properly 
used. The infinitesimal trace of hypo adsorbed by the gelatin and 
silver image can be displaced a little more quickly by the use of a 
mildly alkaline bath, shortening the time of washing by five or ten per 
cent. There is no saving of time, however, since a minute’s longer 
washing would do as much as an eliminator bath of the same duration. 
Altogether, then, it appears that there is no advantage whatsoever in 
the use of the so-called “eliminators” of hypo. Plenty of water 
properly applied is still the secret of thorough hypo elimination. 

It is open to question whether the use of such agents really result in 
a saving in time, or is permissible if permanency is a consideration. 
The evidence available indicates that a period of efficient washing 
equal to that in the hypo eliminator is as efficient as a means of re- 
moving hypo from the gelatin film. 


PART Ill. DRYING 


Removing Surplus Water.—The problem in drying is to reduce 
the water content of the film as removed from the washing tank until 
it is in equilibrium with the moisture content of the air in which the 
negative is handled or stored. This must be accomplished without 
causing distortion of the image, an alteration in density, and without 
affecting the film base. The first step in drying is to remove the sur- 
face water adhering to the gelatin. Since the time of drying, under 
given conditions, depends upon the amount of water to be evaporated, 

26 Lumiere and Seyewetz, Bull. Soc. frang. Phot., 1902, 270. 


27 Gaedecke, Phot. Woch., 1906, 41. Lumiere and Seyewetz, Brit. J. Phot., 55 
(1908), 417. Charriou, Compt. rend., 117 (1923), 482. Amor, Brit. J. Phot., 72 


(1925), 18. 
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the removal of the water on the surface of the gelatin film reduces the 
time of drying. It also serves to remove grit and slime which may 
have become attached to the film, and to prevent the formation of drops 
of water which result in drying marks due to the difference in the time 
required to dry. 

The simplest method of removing the surplus water is to wipe the 
surface (both surfaces of film) with absorbent cotton, or a viscose 
sponge, saturated with water. The film should be kept well moistened 
all the while in order that any adhering dirt or slime may be removed 
as well as the excess water. 

A satisfactory squeegee for removing the surplus water from roll 
or strip film may be made from the blades of two automobile wind- 
shield wipers mounted side by side. Film squeegees for the same 
purpose are also available commercially.”* 

Drying Equipment.—Negative materials should be dried in a 
good circulation of dry, dust-free air and preferably at a temperature 
between 75° and 95° F. (35° C.). Glass plates are usually placed 
in a drying rack of the type shown in Fig. 179. Cut films may be 
hung from one corner using wooden or metal clips. Some cut film 
developing hangers are so designed that the negative may be dried in 
the hanger; usually this results in the loss of about % of an inch 
along each side from uneven drying. The hangers may be suspended 
from a line or placed in a drying rack as used for glass plates. 

A drying cabinet provides the most satisfactory means of drying 
negatives in quantity. The size of the cabinet and its design will 
depend upon the amount, size and character of the negative material 
employed. The cabinet should be large enough to hold the maximum 
number of negatives which can come from the washing tanks in the 
time required for drying and allow ample space between the negatives 
to permit free circulation of air. A cabinet larger than absolutely 
necessary is undesirable as it is more difficult to maintain an adequate 
circulation of air in a large cabinet than in a small one. For the same 
reason a long narrow shape is better than a square one. 

A constant supply of warm, dry air is necessary for rapid and 
uniform drying. With small cabinets a good method is to force heated 
air by a fan through the cabinet from the bottom and out at the top, 
electric heating units being placed between the fan and the top of the 

28In large plants, particularly those devoted to motion picture processing, a 


pneumatic squeegee is often used. Crabtree and Ives, Trans. Soc. Mot. Pict. 
Eng., 11, No. 30 (1927), 270. 
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cabinet. If other sources of heat are used, the heating unit is best 
placed outside the cabinet to avoid danger of fire. For this reason, 
metal cabinets are preferable to those of combustible materials, 


Fic. 179. Drying Rack for Glass Plates and Cut Films in Hangers. (Eastman) 


The Time Required for Drying.—The time required in drying 
depends upon the following conditions: 

1. The amount of water absorbed by the gelatin. ‘This is propor- 
tional to the thickness of the swollen film; hence, the higher the degree 
of swelling the longer the time required in drying. For rapid drying 
undue swelling of the gelatin should be prevented by maintaining the 
temperature of the processing solutions and the water used for washing 
at 65° F. (18° C.) and by using a fixing bath with good hardening 
properties. 

2. The rate at which the air on the surface of the film is changed. 
Air which remains in contact with the surface of the film soon becomes 
more or less saturated with water vapor and as the degree of satura- 
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tion increases, the rate of drying diminishes. It is important, there- 
fore, to provide for rapid and continuous renewal of the air in contact 
with the film so that drying is not retarded. Small volumes of air 
at high velocity are more effective than large volumes at a low velocity. 

3. The relative humidity of the air. The ratio between the amount 
of water in a sample of air and that required to completely saturate 
it at that temperature is termed the “ relative humidity” of the air. 
The higher the relative humidity, that is, the more water the air con- 
tains, the less it can absorb; thus the relative humidity is an inverse 
measure of the drying power of the air. 

The relative humidity is lowered as the temperature is raised, since 
the ability of air to absorb water increases with the temperature. The 
rate of drying, under given conditions, is inversely proportional to its 
relative humidity and increases with the temperature. The tempera- 
ture of the drying air should not exceed go0° F. (32° C.) unless the film 
is specially hardened, or the gelatin is likely to melt.2® The relative 
humidity of the air should, if possible, be held approximately at the 
volume which is in equilibrium with film having the desired moisture 
content; as film which has been too thoroughly desiccated is brittle. 
Best results are obtained with air having from 40 to 50 per cent relative 
humidity. 

In general, the density and contrast of the image tend to increase 
with an increase in the relative humidity and temperature of the drying 
air. This is due in part to the increased rate of drying and in part 
to the softening of the gelatin which appears to result in the rearrange- 
ment of the grains of silver to produce a higher density.*° 

Uniform drying conditions are essential, therefore, if uniform 
negative quality is to be maintained. 

It is essential that the rate of drying be the same for all parts of 
the negative, or variations in density are produced. These variations 
in density, commonly referred to as drying marks, are usually the 
result of drops of water adhering to the surface of the film during 
drying. Drops of water are less likely to form on film which has 
been properly hardened in an acid fixing and hardening bath, or if 
the surplus water is removed before drying. 

Drying marks once formed may be removed by bleaching the image 
in potassium permanganate and redeveloping. See p. 354. 

; ie for example, a chrome alum stop bath or an alkaline formalin hardening 
ath, 

80 White, J. Soc. Mot. Pict. Eng., 29 (1932), 340. 
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Rapid Drying.—The drying of negatives from which prints are 
required immediately (press work, etc.) may be forced by the use of 
heated air, but only if the gelatin has been hardened sufficiently to 
prevent its melting. An alkaline formaldehyde hardening solution 
is recommended in such cases. Film negatives, however, cannot be 
dried at temperatures much above 100° (38° C.) or there is danger 
of the film base buckling. 

Another method of drying negatives rapidly is through the use of 
liquids which evaporate more rapidly than water. Thus if a negative is 
placed for two or three minutes in denaturated alcohol, it may be dried 
rapidly in a current of air. Negatives treated with alcohol may be 
dried safely at a higher temperature than would be possible with a 
gelatin film charged with water. 

The use of strong solutions of alcohol lead to opalescence of the 
image due to partial dehydration of the gelatin; however, with ordinary 
denatured alcohol, there is usually no trouble. The presence of 
traces of lime in the water may result in a whitish deposit which is 
not readily removed. 

When drying with alcohol, care should be taken not to use the nega- 
tive until it is thoroughly dry and not simply dry on the surface. 
Failure to do this may result in irrepairable damage to the negative. 

Concentrated solutions of certain salts which are highly soluble in 
water as, for example, aluminum or sodium sulfate and potassium 
carbonate have the property of replacing water in gelatin and may be 
used for the rapid drying of negatives.*t Thus if the wet negative is 
placed in a saturated solution of potassium carbonate for 4 or 5 min- 
utes the gelatin is almost completely dehydrated and after blotting off 
the surplus solution and wiping the surface with a soft cloth, the 
negative is ready for printing. 

This process affords a means of drying a negative temporarily so 
that prints may be made for immediate use; when the prints have been 
made, the negative should be washed in running water for Io to 15 
minutes and dried in the usual way. 


31 Lumiere and Seyewetz, Brit. J. Phot., 59 (1912), 360. 


CHAPTER XVI 


DEFECTS IN NEGATIVES 


Introduction—In the pages which follow some of the more 
common defects in negatives are described together with an explana- 
tion of their cause and prevention. Considerations of space prevent 
the inclusion of all the possible difficulties arising from the improper 
handling of the camera. In the present chapter, those of most fre- 
quent occurrence are discussed as well as those difficulties which arise 
through the improper treatment of sensitive materials in processing. 
The chapter has been designed to be convenient for ready reference 
and consequently the headings have been made sufficiently descriptive 
of the defect to enable it to be readily identified. 

Part of Image Is Out of Focus.—Error in focusing or insuffi- 
cient depth of field. Using camera swings without a sufficiently small 
diaphragm. 

Blurred Image.—Image not properly focused. Camera moved 
—image uniformly blurred; subject moved—part of image will be 
sharp. 

Part of Image Cut Off.—View finder does not include the same 
field as the lens. This is due to bad adjustment but all ordinary view 
finders are adjusted for an object some distance from the camera and 
do not include the same field as the lens on nearby objects. 

When reversible view finders are used, trouble frequently arises 
from using the vertical portion of the finder for a horizontal picture 
and vice versa. 

Dark Circle in Center of Negative——Shutter opened with the 
camera closed. 

Tangle of Lines.—Pinhole in bellows. Less frequently in cam- 
era front. 

Double Image.—Accidental double exposure. Small opening 
in front of camera. Failure to wind film after exposure (roll film). 
Shutter may not completely close. 

Lack of Sharpness.—Plate or film holder does not register with 
ground glass. Ground glass reversed. Mirror out of register (Re- 
flex). Marginal unsharpness—film not lying flat in focal plane. 
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Clear Spots.——Dust in camera. Brushing off films before load- 
ing in cut-film holder electrifies the base and causes dust to be attracted. 

Fine Parallel Lines (on roll film—Scratching of the emulsion 
from some sharp object in camera. Possibly grit. Pinhole in blind 
of focal-plane shutters. 

Bright Objects Are Surrounded by a Vignetted Margin of Great 
Density.—Halation (see p. 248). Lens not clean. 

Clear Band Across One Side of the Negative.— 


1. Failing to completely withdraw slide of holder. 

2. Cut-off by bellows. 

3. Film tab of previous exposure not completely withdrawn (film 
pack). 

4. Baseboard of camera in view (occurs only with wide-angle lenses 
when focused from the front). 


Errors in Exposure and Development.—An underexposed nega- 
tive is lacking in density and in shadow detail. If the degree of under- 
exposure is slight, detail may be present in even the deepest shadows 
but does not have the contrast required for good printing quality. 
The contrast of the negative as a whole may be either low or high 
depending upon the subject and the degree of development. 

An overexposed negative is dense and the contrast of the negative 
as a whole, and particularly the shadow portions, is less than that of 
a properly exposed negative. The lack of contrast is particularly 
noticeable if the time of development has been shortened to prevent 
the density from becoming too great. 

Errors in exposure may be due to: 


1. An error in estimating or measuring the brightness of the subject; 

2. In making the proper allowance for the color of the subject or the 
nature of the light source ; 

3. In setting the diaphragm or shutter speed. 


An underdeveloped negative is lacking in contrast and also in den- 
sity, unless overexposed. Underdevelopment may be distinguished 
from underexposure by the presence, in case of the first, of shadow 
detail and its absence, in the second case. 

Overdevelopment results in high contrast and density, particularly 
in the highlights. Overdevelopment may be distinguished from over- 
exposure by the difference in contrast and the lower density of the 
shadow portions of the image. Errors in development may be due to: 
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. The time of development, 

. The temperature, 

. Variation in the temperature during development, 
. The dilution of the developer, 

. The composition of the developer, 

. The rate of development of the sensitive material. 


Fog.—Fog may be due (1) to exposure to light before or during 


development, (2) to the developer itself, (3) to impurities in the de- 
veloper, and (4) to exposure of the sensitive material to air during 
development (aerial or oxidation fog). 


Exposure to light before development may arise from a number of 


sources and may result in either local or general fogging of the image. 


Ww 


Local fogging may be due to: 


. Opening in bellows or front of camera admitting light. 

. Reflection from bright metal parts in camera. 

. Opening between the back of the camera and the film or plate 
holder, the film pack adapter or the roll holder. 

. Inserting the slide of a film or plate holder, or a film pack adapter 
by the corner, or twisting the paper tab of a film pack when 
withdrawing. 


General fogging may be due to: 


. Exposing the film to an unsafe light when loading, or prior to de- 
velopment. 

. Exposure of the sensitive material to fumes of burning gas, gaso- 
line, turpentine, ammonia, sodium sulfide, etc. 

. May also be due to an opening in the camera admitting light or to 
reflection of light from the folds of the bellows which have 
worn smooth through use. 


Fog may be produced during development as a result of: 


. Excessive exposure of the film or plate to light. 

. The use of a safelight which is not suitable for that particular 
sensitive material. 

. A developing solution incorrectly compounded, containing too much 
alkali, too little restrainer, used without proper dilution or at 
a temperature above normal. 

. A developing solution contaminated with hypo or metallic salts 
such as those of tin, copper or zinc. Traces of these salts may 
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be due to old brass faucets or piping, to developing tanks and 
equipment of brass, to the use of solder in the construction of 
the processing equipment, or to mixing developers in galvanized 
vessels. 

5. A developing solution containing sodium sulfide formed by the re- 
duction of the sulfite by bacterial or fungous growths. This 
occurs ordinarily only in the deep tanks employed in photo 
finishing or in motion picture production where the developer 
is used without changing for several weeks. A developer which 
produces sulfide fog may be reconditioned by the addition of 
from 0.5 to 0.75 grams of lead acetate per liter. If the de- 
veloper still fogs, it should be discarded. 

Sulfide fog may be prevented by keeping tanks and processing 
equipment clean and by sterilizing the tanks periodically with a 
solution of sodium hypochlorite followed by rinsing in water. 

6. Excessive exposure of the sensitive material to air during develop- 
ment. The fog produced through oxidation of the developer 
when the developer-laden film is exposed to air during develop- 
ment is known as aerial or oxidation fog.t Under ordinary 
conditions, aerial fog occurs only with developers containing 
hydroquinone, but may be produced by other developing agents 
if contaminated with copper and tin salts. Aerial fog may be 
prevented by the addition of a small quantity of used developer 
or a desensitizer. One part of Pinakryptol green to 50,000 
parts of developing solution is sufficient to prevent aerial fog 
under ordinary conditions. 


An excess of sulfite will produce what is termed sulfite fog. Silver 
bromide is soluble in sodium sulfite, and the fog produced by an excess 
of sulfite is due to the reduction of the silver salt dissolved by the 
sulfite to metallic silver by the developer.2 The amount of sulfite re- 
quired to produce fog varies with different developers but is usually 
not less than 50 grains of sodium sulfite per liter. Where a large 
quantity of sulfite is required as in tank developers designed for con- 
tinuous use or in fine-grain developers, the amount of potassium bro- 
mide should be increased, or the developer conditioned by the addition 
of a small quantity of used solution, to prevent sulfite fog. 


1 Crabtree, American Annual of Photography (1920), p. 20. 
2 Mees and Piper, Phot. JI., 51, 1911, 226; 52, 1912, 221. 
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Developer or Oxidation Stain——Stains due to the oxidation of 
the developer may arise from: 


1. The use of an incorrectly prepared developer lacking sufficient sul- 
fite to prevent excessive oxidation. 

2. Developing at a temperature above normal thus favoring increased 
oxidation of the developer. 

3. Exposing the sensitive material to air during development, before 
transferring to the fixing bath, or in the early stages of fixing. 

4. The use of an old, oxidized developer. 

5. The use of a plain fixing bath, or a partially exhausted acid fixing 
and hardening bath lacking sufficient acid to neutralize the alkali 
in the developer carried over on the sensitive material and pre- 
vent its oxidation. 


The use of a stop bath is an almost certain preventative of all stains 
produced by oxidation after removing the film from the developer. 

Developer stains may be removed as follows: 

First harden the film by bathing for two or three minutes in an 
alkaline solution of formalin and wash for five minutes, otherwise the 
gelatin is apt to soften and frill during the subsequent treatment. 
Then bleach in: 


Avoirdupois Metric 

Stock Solution A 

Potassium permanganate......... 75 grains 5.3 grams 

iWaterto makers ante cees aoe 32 ounces I liter 
Stock Solution B 

Sodium chloride (table salt)....... 214 ounces 75 grams 

Sulfuric acid (pure concentrated) . . 1% ounce 20. JCC. 

Water itoumakesccedc.ceacm cn cise 32 ounces I liter 


Use equal parts of A and B. 


The solutions 4A and B keep well if kept separately, but not when 
mixed, and for this reason the bleaching-bath should be prepared as 
required. 

The bleaching should be complete in about three or four minutes 
when there is usually left a general brown stain all over the film due 
to manganese oxide, and especially in those parts previously occupied 
by the image. It is best to remove this stain by first rinsing in water 
and then placing in a 1 per cent solution of sodium bisulfite. Wash 
for 3 or 4 minutes, and expose to a strong light (sunlight or arc light) 


until the white image turns purple. Then develop in a non-staining 
developer. 
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Local yellow stains on prints or negatives may be removed by super- 
imposing a deep yellow filter over the negative and making a positive 
either by contact or in the camera and from this making a new negative. 
A panchromatic plate must of course be used and the yellow filter must 
be a contrast and not an orthochromatic filter. 

Yellow Stains.—These consist of compounds of silver left in the 
film after fixing and washing. The presence of unfixed compounds in 
the film may be due to (a) the use of an old and exhausted fixing 
bath, (b) insufficient agitation of the film when transferred to the 
fixing bath, (c) fixing bath prevented from reaching film by another 
film, contact with side of tank, hanger, air bell, etc. 

Yellowish White Opalescence.—This is due to the presence of 
finely divided, or colloidal, sulfur and arises from the use of a fixing 
bath (a) containing an excess of acid, or a deficiency of sodium sul- 
fite, (b) too warm, or (c) the use of a plain potassium alum hardening 
bath after fixing. 

The deposit of finely divided sulfur may be removed with a Io per 
cent solution of sodium sulfite used at a temperature of 100 to 120 
degrees F. (38° to 49° C.). The film must first be hardened in an 
alkaline formalin hardener. 

Silver stain on the gelatin backing of film may be removed with 
iodine-cyanide reducer (p. 368) applied with a soft brush or wad of 
absorbent cotton on a stick. 

Silver stains on the emulsion side may be removed (a) by photo- 
graphing ‘on panchromatic film through a strong yellow filter (not 
always successful) or by treatment with a 1 per cent solution of potas- 
sium cyanide (a deadly poison). The cyanide will dissolve the image 
in time, so the film should be removed as soon as any reduction be- 
comes apparent and washed thoroughly before drying. 

Silver Stain (Dichroic Fog).—This consists of finely divided sil- 
ver and is reddish green by reflected light and pinkish by transmitted 
light, hence the name dichroic (two-colored) fog. 

It is due to presence of a silver solvent in the developer, such as 
hypo, ammonia or sodium sulfide, or developers having an excess of 
sulfite or alkali, particularly when partially exhausted or when used 
at high temperature. 

It may also be produced in an old fixing bath heavily loaded with 
silver and partly oxidized developer. 

Silver stains can sometimes be removed by reduction in a % per 
cent solution of potassium permanganate until removed, followed by 
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a 5 per cent solution of potassium metabisulfite to remove the brown 
oxide of manganese stain. 

Sulfur Stains (Yellowish White).—Produced as a result of the 
precipitation of sulfur on the gelatin. Common sources are: 


a. A fixing bath which contains too much acid or too little sulfite. 
b. A fixing bath which is too warm. 


Sulfur stains may be removed by bathing the negative in a 10 per 
cent solution of sodium sulfite at a temperature of 100° F. (38° C.). 
The emulsion should be hardened first in an alkaline solution of 
formalin. 

Aluminum Sulfite Stains (Powdery White)—These are due to 
the use of an incorrectly compounded fixing bath containing insuf- 
ficient, or impure, sulfite, an excess of acid, or one which is partially 
exhausted. 

A frequent source where none of these factors is present is lack of 
agitation in the fixing bath. 

Such stains may be removed by bathing the film in a 5 per cent 
solution of sodium carbonate and washing thoroughly. The gelatin 
should first be hardened in a solution of alkaline formalin. 

Stains (Green).—A general green stain is sometimes produced 
when a hardening bath of chrome alum is used between developing 
and fixing, particularly if the concentration is too high or the tempera- 
ture above 80° F. (27° C.). Ordinarily, the only effect is to increase 
the time of exposure in printing. Usually, the stain can be removed 
by immersing the negative for a few minutes in a 5 per cent solution 
of potassium citrate or potassium hydroxide. This treatment should 
be preceded by an alkaline formalin hardening solution. 


Air Bells.—These are small circular transparent spots produced 
by air bubbles adhering to the emulsion surface and preventing de- 
velopment, 

Circular, transparent spots with diffuse edges are produced when the 
bubble grows smaller as development proceeds. 

Spots with a center of lesser density are produced when the airbell 
breaks or is dislodged. 

Spots with unfixed silver halide are due to air bells in fixing. 

Clear spots with a dark ring are due to developer oxidation fog 
around the air bubble. 

The presence of a trace of oil or grease is an infrequent cause of 
air bells. In this event, the negatives should first be immersed in a 
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2 per cent solution of sodium carbonate, followed by two or three 
minutes washing in running water before development. 

Spots.—Spots having dark narrow outlines are often caused by 
drops of water remaining on the film during drying. 

Hazy white spots appear occasionally on negatives which are dried 
rapidly at high temperatures particularly when the processing solutions 
have been warm. 

Spots surrounded by grey halos appear at intervals on negatives as 
a result of drops of water adhering to the base side of the film. When 
the negative is dried at room temperature, such spots are usually just 
barely visible, but become more prominent when drying rapidly at a 
high temperature. Spots of this nature as well as others due to the 
presence of drops of water during drying may be prevented by the 
efficient removal of the water on the surfaces of the negative before 
drying, 

Irregular spots, almost clear, are sometimes due to traces of oil or 
grease on the emulsion or in the developer. 

Frilling.—The emulsion softens along the edges and shows a 
tendency to leave the support; is more likely to occur with double, or 
thickly coated materials. Caused by the solutions being too warm, 
a developing solution which is strongly alkaline, a fixing bath which 
is exhausted or does not harden properly, or processing solutions at 
different temperatures. There is no remedy. 

Reversal—Image appears partly negative partly positive. 
Caused by exposure to an unsafe light in development, or a momentary 
exposure to white light, after development has begun. Sometimes 
caused by presence of hypo in developer. In this case, the unexposed 
areas are clear. Reversal by exposure to an unsafe light fogs the 
unexposed areas. 

Streaks on Negatives After Drying with Alcohol—Impure or 
exhausted alcohol. Incomplete fixation; alcohol too strong. 

Scaly Effects—Noticeable chiefly in sky or other area of uni- 
form density. Insufficient agitation of developer. A particular type 
may be due to absorption of water through storage in damp place or 
exposure to damp air. 

Row of Spots Along One Side.—In tray development due to 
part of film being immersed in one direction and the remainder from 
another direction. When the two wet areas meet airbells are formed. 

Black Spots with Dense Tails——Undissolved developing agents 
or alkali. 
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Yellow or Reddish Patches on the Negative—Incomplete fixa- 
tion. Printing from a damp negative on print-out-paper. 

Band of Lesser Density Along One Side.—Film not completely 
immersed in washing tank. Hypo-laden gelatin is reduced by exposure 
to air. 

Dark Line, or Band, Where a Shadow Area Joins a Heavy 
Density.—Due to the use of a partly exhausted developer and lack 
of agitation. The developer, not being kept in motion, diffuses from 
the area where it has had little work to do and produces a higher 
density along the junction line. Occurs most often in tank develop- 
ment when using dilute developers. Frequently known as the 
“Mackie ” line. 

Brown Scum.—This occurs in tank development when solutions 
are used over a period of time and consists of developer oxidation 
products which form a scum on the surface of the solution which is 
picked up by the film when placed in the developing tank. 

It may be prevented by skimming the surface of the solution before 
. use with the edge of a piece of blotting paper or cheese cloth on a 
wooden or wire frame. 

Scum marks on developed negatives may be removed sometimes 
with a I per cent solution of potassium cyanide. 

Fine Black Marks.—These are due either to abrasion or to static 
discharges arising from friction. 

Rough, Whitish Deposit on Negative —This is due to chalk in 
the water used in preparing the developing and fixing solutions or in 
the wash water. It may be removed by placing the negative for 
several minutes in a very dilute solution % of one per cent hydro- 
chloric acid or in ordinary vinegar, then washing and swabbing the 
surface thoroughly with a viscose sponge or absorbent cotton. 

Traces of the Dye Backing Remain.—The dyes used in non- 
halation backings are usually discolored by the sulfite of the developer 
or the fixing bath. Should traces remain after fixing and washing, 
the negatives should be placed in a 5 per cent solution of sodium 
sulfite, or in a fresh acid fixing bath, for about five minutes and then 
washed for five to ten minutes before drying. 

Reticulation.—A wrinkling of the gelatin producing a leathery 
appearance caused by strains produced in the gelatin when it is trans- 
ferred from one solution to another at a much higher or lower tem- 
perature, or from a highly alkaline developer to a strong acid fixing 
bath. There is no remedy. 


CHAPTER XVIt 


REDUCTION AND INTENSIFICATION OF 
THE NEGATIVE 


Photographic Reduction.—The operations by which silver is re- 
moved from the photographic image constitute what is properly termed 
photographic reduction. Photographic reduction, however, is not a 
process of chemical reduction but of oxidation, and photographic 
reducers are substances capable of converting metallic silver into a 
silver compound which is soluble in water, in an acid, or other suitable 
solvent. 

Photographic reducers may be classified as follows: 

a. Subtractive: Reducers of this type remove an equal amount of 
silver from all densities (Fig. 180), thus increasing the density range 
of the negative. Subtractive reducers are used principally to improve 
overexposed negatives and positives or for removing fog. 

b. Proportional: Reducers of this type remove from each density 
an amount of silver which is proportional to that of the original den- 
sity (Fig. 180). Proportional reducers are useful chiefly as a means 
of reducing excessive density and contrast due to overdevelopment. 

c. Super-proportional: With reducers of this type a greater propor- 
tionate amount of silver is removed from the higher densities than 
from the lower (Fig. 180). Super-proportional reducers are used 
principally for the reduction of overdeveloped negatives of contrasty 
subjects. 

Ferricyanide-Hypo Reducer.—This well-known reducer is fre- 
quently termed Farmer’s reducer from its originator Howard Farmer. 
The chemical reaction is as follows: 


(a) 4Ag + 4K,Fe(CN), = Ag,Fe(CN), + 3K,Fe(CN),, 
(b) 3AgsFe(CN), + 16Na,S,0; 
= 4Na,Ag;(S.0;)4 + 3Na,Fe(CN),. 


The silver image is oxidized by the ferricyanide, forming insoluble 
silver ferrocyanide which is dissolved by the hypo. 


1 Yearbook of Photography (1884), p. 59. 
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The action is in the main subtractive but depends upon the nature 
of the silver image and the concentration of the reducing solution. 
With a relatively strong solution (1 per cent potassium ferricyanide 
and 10 per cent hypo) subtractive reduction is obtained with both 
negative and fine-grain positive film but with a dilute solution contrast 
is decreased and the action is more nearly proportional, particularly 
with negative materials.” 

A mixture of potassium ferricyanide and hypo decomposes rapidly, 
hence the reducer is kept as two stock solutions: 


Stock Solution A 
Potassium ferricyanide (Red 


I HUSSIACE) en raat rt a5 ee eee 1 oz. 37.5 grams 
Waiter arn rere nea w ate. Ren dc ee 16 oz. 500.0 cc. 
Stock Solution B 
LS Ki nO Mam oo g.ruiciaa cone cote cee te LOM Oz: 480.0 grams 
WVatetpam ee cae een ree ei Deki: 64 oz. 2.0 liters 


If, after five minutes, further reduction is required, the negative 
should be transferred to a fresh solution to avoid stain. When the 
negative has been reduced sufficiently, wash thoroughly. To prevent 
excessive reduction from the continuing action of the reducer contained 
within the gelatin layer, the negative upon removal from the reducing 
solution should be flushed with an abundance of cold water. 

Almost proportional reduction is obtained with ferricyanide and 
hypo by treating the negative in the ferricyanide solution first and 
subsequently in the hypo solution. The degree of reduction depends 
upon the quality of silver ferrocyanide formed in the first bath which 
in turn depends upon (1) the time of immersion and (2) the concen- 
tration of the solution.* 

The following formula is satisfactory: 


Solution A 
Potassium ferricyanide.............. VY oz. 7.5 grams 
\Niaternt omilakemyac tricia si airtel c B2meOzs 1.0 liter 
Solution B 
ELV: PO ACen or ters ckelerredansie ata, fieuaystencke 634 oz. 200.0 grams 
\Waiiere 1 me S neopoomtacosace hohe 32 mOZs 1.0 liter 


Treat the negative in Solution A with uniform agitation for I to 4 
minutes at 65-70° F. (18-21° C.), depending upon the degree of 
reduction desired. Then immerse in Solution B for 5 minutes and 


2 Crabtree and Muehler, J. Soc. Mot. Pict. Eng., 17 (1931), 1001. 
3 Crabtree and Muehler, J. Soc. Mot. Pict. Eng., 17 (1931), 1001. 
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wash thoroughly. The process may be repeated if more reduction 
is desired. For the reduction of general fog, 1 part of Solution A 
should be diluted with 1 part of water. 

Ferricyanide and Ammonium Sulfocyanide.—This single solu- 
tion reducer, which is due to Haddon‘ is of the subtractive type, but 
unlike ferricyanide-hypo, is stable. 

The chemical reactions are as follows: 


(a) 4Ag + 4K,Fe(CN),—= Ag,Fe(CN), + 3K,Fe(CN),, 
(b) Ag.Fe(CN), + (X -+ 4)NH,CNS 
= XNH,CNS-4AgCNS + (NH,),Fe(CN),. 


The following formula is satisfactory: 


Potassiumpermicyanides 4. ...6. 4.76 242-28 22 gr. 5 gm. 
Ammontumisulfocyanide. .....2........- 44 gr. Io gm. 
Matern tovmalceAay.1a ce oc eyo Sa ow nee IO ozs. 1000 cc. 


After reduction, wash well in running water. If a white deposit 
appears on the gelatin surface, dip the negative in hypo for a moment 
and wash well in running water. 

Ferricyanide and Cyanide.—A mixture of ferricyanide and cy- 
anide forms a stable reducer of the subtractive type but with the dis- 
advantages of being highly poisonous and having a softening action 
on gelatin, thus rendering a preliminary hardening bath of formalin 
necessary. 

The following formula is satisfactory: 


Potassium ferricyanide............... 10.5 gr. 2.5 gm. 
Sodiumicyanide ae: 6.00. eo. neo oats 10.5 gr. 2.5 gm. 
Water tommaker ge cok enicaceses OSRE ones TO, OZ; 1000 cc. 


Todine-Cyanide.—A dilute solution of sodium or potassium cy- 
anide and iodine forms a reducer of an intermediate character, being 
mainly subtractive but tending towards proportional reduction. It has 
the disadvantages (1) of being highly toxic and (2) unstable so that 
it must be prepared immediately before use. 

The reaction is as follows: 


2Ag + I, -++4KCN = 2KAg(CN), + 2KI. 


4 Brit. J. Phot., 39 (1802), 40, 60 
5 The use of potassium cyanide and mercuric chloride has been suggested but 
offers no real advantages. Eder, Handbuch, 1883. 
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Potassiumicyanidenenieen sa. eee ee DD Tae 5 gm. 
fodines(Crystall)eenneccas ne cece eee 4.5 gr. I gm. 
Waterstomnake rca). hve aos oe IO. Oz. 1000 cc. 


Iodide-Hypo.— Equally as satisfactory and less poisonous is the 
following in which cyanide is replaced by hypo. 


Rotassiumpiodiderirs 4-14 el aiascesereis 75 gr. 10 g. 
ELS DO Serer ee Ne cece Serceas cide ee ee 4 OZ. 250 g. 
\Waterstormake mcs ta. chat omacercm erent: 16 oz. 1000 cc. 


This is non-staining, keeps well, and acts slowly and gradually. 
Copper Reducer.—A reducer of the subtractive type which 
keeps well even after use may be prepared from cupric sulfate and 


hypo.® 


Cupric suliatesse-csc ero ee Vg oz. 30 gm. 
Sodiumichlonidezyy. enmicaioeceereie XY oz. 30 gm. 
Watermtonnakereercn ta tats mocinee eae 12% oz. 780 cc. 


Dissolve and add ammonia until the precipitate first formed is 
redissolved. The solution is a deep blue. 
For use, add an equal quantity of 


1g Wa CV Oey ato eae tam aR ten ER tole 21% oz. 360 gm. 
Water toumakes,,vs.+ cas cietae oreo ees 124% oz. 780 cc. 


If the action is too rapid, dilute with an equal quantity of water. 
Any bluish color remaining in the gelatin after reduction may be re- 
moved with a 0.02 per cent solution of sulfuric acid. 

Permanganate Reducers.—The permanganates are strong oxi- 
dizing substances and if an acid solution of potassium permanganate 
is applied to a negative the silver is oxidized, forming silver sulfate 
which is soluble in water. 


10Ag + 2KMnO, + 8H,SO, = 5Ag,SO, + 2MnSO, + 8H,O. 


The following is a suitable formula: 


I. Potassium permanganate............ 24 gr. 50 gm. 
Watertorumakergiis.c1e.0 cinta: I OZ. 1000 cc. 
IteeSulfurieacid, CaP ia eeianreiees 24 min. 50 cc. 
Water:to Make) cn nie acrae sca eracne SEZ: 1000 cc. 


For use take 1 part of A, 2 parts of B, and 64 parts of water. 
When sufficiently reduced, immerse in plain hypo solution, fresh acid 


6 Smith, Brit. J. Phot., 63 (1916), 574. 
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fixing bath, or 5 per cent solution of sodium bisulfite to remove the 
brown stain, after which wash well. 

The formula as given acts as a subtractive reducer. Solutions con- 
taining less acid result in more nearly proportional reduction.’ 

Belitzski’s Reducer.—This reducer consists of ferric chloride 
and hypo. Silver chloride and ferrous chloride are formed and the 
former converted into soluble salts by the hypo. 

As a reducer, it is intermediate in character; the slope of the char- 
acteristic curve is lessened, but a greater proportion of silver is re- 
moved from the lower densities. It thus partakes of some of the 
characteristics of both subtractive and proportional reducers. 

The following formula of Crabtree and Muehler* is much to be 
preferred to earlier ones: 


Hernicichloridemecsp ns a2 Annie <eea AA 365 gr. 25 gm. 
Rotassrummeitnatesmscn eee e se ome ee 2% oz. 75 gm. 
Sodittmysul Mates srs css eitieversic oe siren Te OZ 30 gm. 
Citricra ciety reactant. motee «eo saceowieere 290 — gr. 20 gm. 
Sodtumethtosultateammc cer eee cece seers 634 oz. 200 gm. 
Water to make......... a eee Bo O73 1 liter 


Proportional Reducers.—Attention has been called to the fact 
that approximately proportional reduction results from the use of 
ferricyanide-hypo in two solutions (p. 367) or permanganate in a 
neutral or very slightly acid condition (p. 369). Quinone or quinone 
sulfonates with sulfuric acid form proportional reducers, but the gela- 
tin is stained.® 

The use of mercuric nitrate with nitric acid has been stated to give 
proportional reduction, the gelatin is softened, however, and it is some- 
times difficult to prevent reticulation.?° 

Proportional reduction may also be obtained with solutions of ferric 
salts rendered slightly acid by the addition of sulfuric acid. 

The reaction is probably as follows: 


2Ag + Fe,(SO,),° (NH,),SO,= 
Ag,SO, + FeSO, + FeSO,: (NH,).SO,. 


The gelatin is stained if exposed to air during reduction, or if the nega- 


7 Robin, S. & J. P., 2 (1931), 24. 

8J. Soc. Mot. Pict. Eng., 17 (1931), 1001. 

® Lumiere and Seyewetz, Brit. J. Phot., 57 (1910), 625. 
10 Steigmann, Phot. Ind., 1921, 607. 

11 Krauss, Zeit. Wiss. Phot., 18 (1919), I92. 
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tive has not been thoroughly fixed and washed. Prehardening in 
formalin is necessary to prevent undue softening of the gelatin. 
The following is a suitable formula: 12 


Ferric ammonium sulfate (ferric 


ALUN) eet ior tears aa: eee 2a OZ: 15 gm. 
SUliliricracic rae eae te. ne 114 fluid ozs. 10 ce. 
Watermtounakems camis..cni st atonenrcia a: I gal. 1 liter 


Proportional reduction may be obtained through the combination of 
subtractive and superproportional reducers. A suitable combination 
consists of potassium permanganate and ammonium persulfate.!® 

The following is a satisfactory formula (Huse and Nietz) : 


Solution A 
Potassium permanganate............ Commons 0.25 gm. 
Sulttiicacids (Oe) paaaeea ana eee VY oz. TSM eCCs 
Distilled water to make............. Boz 1000 cc. 
Solution B 
Ammonium persulfate.............. 34 OZ. 25 ems 
Distilled water to make............. Bh meOze LOOOMNNGG: 


For use take one part of A to three of B. Do not mix until im- 
mediately before use as the keeping qualities of the combined solutions 
is very poor. ‘The time of reduction is from one to three minutes and 
after reduction the negative should be placed in a 1 per cent solution 
of potassium metabisulfite to remove the stain produced by the man- 
ganese salts precipitated in the gelatin. 

Super-Proportional Reducers.—The number of reducers which 
act super proportionally is small; the alkaline persulfates alone are of 
practical utility although benzoquinone, Erdmann’s salt (CO,(NH,), 
-(NO,),K,), and potassium permanganate with ammonium sulfo- 
cyanide act in this manner under certain conditions." 

The persulfates are powerful oxidizers transforming the silver into 
silver sulfate which is soluble in the solution. The superproportional 
action of the persulfates is due probably to the catalytic effect of the 
silver ions formed during the reaction between the silver and the per- 
sulfate. Since the concentration of these ions increases more rapidly 


12 Crabtree and Muehler, J. Soc. Mot. Pict. Eng., 17 (1931), 1001. 

13 Deck, Brit. J. Phot., 63 (1916), 391. Huse and Nietz, Brit. J. Phot., 63 
(1916), 580. 

14 Benzoquinone: Lumiere, Brit. J. Phot., 57 (1910), 625. Erdmann’s salt: 
Brit. J. Phot., 52 (1905), 437, 473. Potassium permanganate: Deck, Brit. J. 
Phot., 63 (1916), 391. Huse and Nietz, Ibid., 63 (1916), 580. 
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in the higher densities than in the lower the effect is to cause greater 
reduction of the higher densities.” 

As reducers the alkaline persulfates are somewhat erratic, sometimes 
refusing to act at all, and always acting more rapidly as reduction 
proceeds. To eliminate sources of uncertainty the following precau- 
tions should be observed : 

1. Use pure ammonium or potassium persulfate. Some samples 
contain a trace of iron, the presence of which even to the extent of 1 
part in a million is sufficient to affect the performance of the salt as 
a photographic reducer.*® 

2. Use distilled water for preparing solutions of persulfate. The 
presence of soluble chlorides, bromides, sulfates, and nitrates in the 
water used for preparing solutions of the persulfates is one of the most 
frequent causes of the erratic action of this salt as a reducer. 

3. Avoid the use of stock solutions of persulfate. 

4. Immediately before use add a small amount of sulfuric acid. 
The quantity added controls the rate of reduction. Usually 1-2 cc. 
per 1000 cc. (30 minims to each 32 oz.) is sufficient. 


Perculiaten, comers) ac 3 soe ose 262 gr. 60 gm. 
SulftiricAcidievceacemos ot 2a = -e I5 minims Re: 
Waterstomake eo) eid oes ou oe cei 10 oz. 1000 cc. 


The action should be watched carefully as the rate increases with 
the degree of reduction and the negative may be reduced further than 
desired before the action can be stopped. Arrest the action by placing 
the negative in an acid fixing bath. Fix for about five minutes and 
wash, 

A second method of securing super-proportional reduction has been 
published by W. J. Hickman. The negative is first bleached in an 
ordinary bleaching bath composed of potassium ferricyanide and 
potassium bromide as used for sulfide toning of prints. It is then 
washed for 3 to 4 minutes (not longer) and thoroughly re-developed 
in an ordinary metol-hydrochinon developer. After a brief rinse in 
water it is ready for reduction.** 

For this purpose a weak solution of hypo (1 ounce to 20 ounces of 
water) is used. Reduction begins almost at once and should be fol- 
lowed carefully. When reduction has proceeded far enough the nega- 
tive is removed and washed thoroughly in running water. 

15 Higson, Phot. Jl., 61 (1921), 237. Schuler, Phot. Rund., 24 (1910), 113. 


16 Sheppard, Brit. J. Phot., 65 (1918), 314. 
17 Brit, J. Phot., 80 (Feb. 3, 1933), 59. 


de 
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The theory of the process is that potassium ferricyanide is retained 
by the higher densities and when the negative is placed in hypo, dif- 
ferential reduction takes place from the formation of Farmer’s reducer 
in those portions of the image in which the ferricyanide has been 
retained. 

Super-Proportional Reduction through Bleaching and Redevel- 
opment.—This process, known as “ harmonization,” 18 consists in 
bleaching the image in an acid solution of potassium bichromate, then 
redeveloping in any non-staining developer until the desired density 
and contrast is obtained and fixing. The bleaching solution is the 
equivalent of the well-known chromium intensifier and the result of the 
process is to intensify the lower densities and reduce the higher since 
these are only partially developed, the undeveloped silver chloride 
being removed in the fixing bath. 


Potassium: ibichromatet... syone sane KeOzs 8.0 gm. 
Hivdrochloricacidn(@sP) ewes ee ares 34 fl. oz. 6.0 cc. 

Potassium bromide! 5.54. .n nee 290 gr. 5.0 gm. 
Waterstormakenecminasn rennet i egal, 1.0 liter 


After bleaching, the negative is washed thoroughly to remove every 
trace of bichromate, then placed in the following redeveloper : 


EN Oi Stare orotttenel since i cxetcnenozeye nara enayereire 115 gr. 2.0 gm. 
Sodium sulfite (desiccated)........ I Oz. 145 gr. 10.0 gm. 
Sodium carbonate (desiccated).... I oz. 145 gr. 10.0 gm. 
Watertorimakei, «seu ceca ci 1 gal. 1000 cc. 


The image redevelops slowly and should be watched carefully. 
When the proper density and contrast have been obtained, rinse and 
fix in an acid fixing bath and wash. 

Intensification.—Processes of increasing the density and con- 
trast of the developed silver image are known as intensification. The 
increase in density is accomplished in one of three ways: 


1. Through the deposition of additional silver on the image. (silver 
intensifiers. ) 

2. The addition of a metallic compound to the image. (Mercury, 
chromium, etc.) 

3. Through the formation of a colored compound of silver, of another 
metal. or less frequently of dyes. 


18 Eder, Phot. Korr., 18 (1881), 111, 
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Intensification with Silver—lIntensification with silver is ac- 
complished through the use of an acid solution of silver nitrate con- 
taining a reducing agent such as metol which results in the silver being 
precipitated preferentially on the silver deposits of the image. The 
amount of silver deposited is substantially in proportion to that of the 
image; hence the increase in density is proportional to the original 
density and the result is much the same as if the negative had been 
developed to a higher gamma. As the intensified image consists of 
silver, it should be as permanent as the original. Unlike many other 
methods intensification is complete in one solution; therefore, it is 
easily followed and controlled. 

Many different formulas for intensifying with silver are to be found 
in the literature, but many are unstable and cannot be relied upon in 
practice. The following formula due to Crabtree and Muehler is an 
improvement.over earlier formulas: 


Solution 1 
Silvermitrate; crystalsse.--.=--s0-- 2 9OZ: 60.0 gm. 
Distilled water to make............. Or: 1.0 liter 
Solution 2 
Sodium sulfite, desiccated........... 2) LOZ. 60.0 gm. 
Wiaternt onmial kepvcr haccorecya sate. an ees G2)\9 OZ. 1.0 liter 
Solution 3 
Sodium thiosulfate (hypo)........... 3% 02. 105.0 gm. 
NViatecntoumak€ ce rsessiacise te oseeie oes 22 JOR. I.o liter 
Solution 4 
Sodium sulfite, desiccated........... V6 oz. 15.0 gm. 
IONE ct teccs Sat te oan rae ation 3507. = or. 24.0 gm. 
WiaterstOumake ie.) tcc meee cutee es 96 oz. 3.0 liters 


Prepare the intensifier solution for use as follows: Slowly add 1 
part of solution No. 2 to 1 part of solution No. 1, shaking or stirring 
to obtain thorough mixing. The white precipitate which appears is 
then dissolved by the addition of 1 part of solution No. 3. Allow the 
resulting solution to stand a few minutes until clear. Then add, with 
stirring, 3 parts of solution No. 4. The intensifier is then ready for 
use and the film should be treated immediately. The degree of inten- 
sification obtained depends upon the time of treatment which should 
not exceed 25 minutes. After intensification, immerse the film for 2 
minutes with agitation in a plain 30 per cent hypo solution. Then 
wash thoroughly. 


The mixed intensifier solution is stable for approximately 30 minutes 
ats7O" (21 Ce 


REDUCTION AND INTENSIFICATION Gus 


Intensification with Chromium.—Intensification with chromium 
is effected by bleaching the image in a solution of potassium bichro- 
mate and hydrochloric acid or one of chromic acid and sodium chloride 
(or bromide) and then redeveloping in an ordinary developer. 

The precise chemical reactions taking place are not definitely known 
but are probably as follows: 


2Ag + K,Cr,O, + 2HCl=2AgCl-+ a reduction product of the 
bichromate, sometimes assumed to be CrO, or Cr,Cl,.1° 


When the bleached image is developed the silver chloride is reduced 
to metallic silver and the chromium compound remains, thus increasing 
the density. 

The chromium intensifier has a number of advantages: 

1. It is reliable. 

2. The color of the image is changed but little. 

3. The image has a high degree of permanency. 

4. If the increase in density obtained with a single treatment is not 
sufficient, the operation may be repeated. The addition of density 
becomes less and less with each treatment, however, and generally little 
is gained from more than two treatments. The color of the image 
becomes more and more brownish with successive treatments. 

A satisfactory formula for the bleaching solution is: 


Rotassitm pichromates.- ieee BIOzs 90.0 gm. 
Hy drochloricracids Galesercaeiiek sae 2 fl. Oz. 64.0 cc. 
Water tommalker semithin eters pierre an ater: 22°07. 1.0 liter 


For use, take I part of stock solution to 10 parts of water. 

The addition of 5 grams of potassium bromide to each liter (% oz. 
per gallon) results in more rapid bleaching and greater intensification. 

Decreasing the acid content of the bleacher results in a high degree 
of intensification but the time required for bleaching is increased. 
Practically little is gained from reducing the amount of acid in the 
above formula. 

Incomplete bleaching results in relatively greater intensification of 
the lower densities than the higher. 

After bleaching wash the negative in running water until every trace 
of the potassium bichromate has been eliminated. Then redevelop in a 


19 Lumiere and Seyewetz, Brit. J. Phot., 66 (1919), 709. Piper and Carnegie, 
Amat. Phot., 40 (1904), 336, 397, and Ibid., 4x (1905), 453, and Brit. J. Phot., 53 
(1906), 367. Crowther, Brit. J. Phot., 66 (1919), 709. 
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non-staining developer such as amidol, paraminophenol, metol, or 
metol-hydroquinone. Developers containing a high concentration of 
sodium sulfite should be avoided because of their solvent action on 
silver halide which may result in reduction of the lower densities. De- 
velopers containing a high concentration of sulfite also tend to produce 
brownish-colored images. A metol formula is suggested for re- 
development. 

Negatives intensified in chromium may be reduced in dilute solutions 
of hydrochloric (5 per cent) or sulfuric (2 per cent) acid which re- 
move the addition product responsible for the increased density. Only 
film which has been hardened in formalin should be so treated or the 
gelatin may reticulate. 

Intensification with Mercury.—In intensifying with mercury, 
the image is first bleached in mercuric chloride or bromide. The re- 
action which takes place is probably 


Ag + HgCl, = AgCl-HgCL. 


In the redevelopment process which follows this silver mercurous 
chloride is reduced, producing a compound of silver and mercury or 
silver and a compound of silver and mercury, depending upon the 
nature of the redeveloper. 

Bleach the negative completely in: 


Botasstimabromiges: piso an eee 34 OZ. 22.5 gm. 
Mercunicichlorides.ce mee ase cee eee ee le 34 oz. 22.5 gm. 
WNiaterutoumake csp ie sepa cee oe eee 3.8 FOZ: 1.0 liter 


Wash for 5-10 minutes in running water. Redevelop in one of the 
following: 

1. A non-staining developer, such as amidol, paraminophenol or 
metol-hydroquinone. Amidol is preferable since no alkali is required. 
Alkaline developers containing sulfite exert a solvent action which re- 
sults in less than proportional reduction of the lower densities; these 
in fact, under certain conditions, may actually be reduced. Fine-grain 
developers, containing a large concentration of sodium sulfite, are not 
suitable. Ferrous sulfate is superior to any of the developers men- 
tioned for this purpose but is now seldom used.?° 

2. Ammonia. ‘This is frequently recommended but is not desirable 
because of its solvent action which may result in the lower densities 
being weakened rather than intensified. 


20 Chapman Jones, Phot. JI., 50 (1910), 238. 
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3. A Io per cent solution of sodium sulfite. This results in slight 
intensification but is not to be recommended (1) because of its solvent 
action on the image, (2) because the gain in density is slight and cannot 
be increased by repeating the process. 

4. A 2 per cent solution of sodium sulfide. This is a satisfactory 
method of redeveloping if the gelatin has been hardened in alkaline 
formalin before bleaching. However, the color of the image is brown- 
ish and the density is not increased by repeating the process. 

5. A 10 per cent solution of sodium sulfantimoniate (Schlippe’s 
salt). This results in approximately proportional intensification and 
is one of the most satisfactory means of redeveloping. It is, however, 
little used at the present time. 

6. Silver-cyanide. This forms what is known as Monckhoven’s in- 
tensifier. It results in a high degree of intensification but the very 
low densities are reduced. This renders it well suited to the intensi- 
fication of black and white line work, for which purpose it is principally 
used. The silver cyanide solution is: 


Sodium or potassium cyanide............. 2 OZ. 15 gm. 
Silverswttraterceccnces poceiel ance rice sar 3 OZ. 22.5 gm. 
Waterttosmakesp rane. mie ume nicer ten oi: I gal 1 liter 


Note: The cyanides are deadly poisons and should be handled with ex- 
treme care. 


Dissolve the cyanide and the silver nitrate separately and add the 
first to the second until a permanent precipitate is just produced. 
Allow the mixture to stand an hour or so and then filter. 

Only the images which are redeveloped in ferrous oxalate or in 
sodium sulfide may be regarded as permanent. 

Single Solution Mercury Intensifiers.— 


Mercurie sulfocyantd@=aes. ss. one ee 765 gr. 100 gm. 
Ammonium sulfocyanide................. 460 gr. 60 gm. 
Potassium sulfocyanides. sa. c ne se sel. 615 gr. 80 gm. 
Water stoztital ke yet ce acral caevety ess tee suotore)alatore 16 oz. 1000 cc. 


For use dilute 1 part with 10 of water. 
Another formula: ** 


Mercuricisultocyanides. 4.045504 ee ee 1540 gr. 200 gm. 
Sodiumichloride=(Galt)ian i. ase oer 1540 gr. 200 gm. 
Watestounakereracc erect toen arin 16 OZ. 1000 cc. 


This also should be diluted with ten volumes of water for use. 


21 Agfa, D. R. P., 109, 860; 110, 357 of 1899. 
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After the negative has reached the desired density, it should be 
washed for 20-30 minutes in running water. 

Mercuric-Iodide Intensifier—This very convenient intensifier is 
prepared as follows: *? 


Merctiric 10didens.. 2h 22145 se ote ae go gr. 2 gm. 
Rotassitini 1todtle 5 oper: cies ns siobers kee Novesees ete go gr. 2 gm. 
1a RG ueatete, Jo Ac acne OS AUS me Rect eK go gr. 2 gm. 
Watertoumake ase icie fe 1s are aeaine eiviote IO Oz. 100 cc. 


The ingredients are dissolved together in a little water and the solu- 
tion made up to the total given. Warm, but not hot, water may be 
used. The solution may be used repeatedly until exhausted. Inten- 
sification is progressive and may be stopped at will, when the density 
and contrast required have been reached. If only a small degree of 
intensification is required, the solution may be diluted with an equal 
quantity of water to make it work more slowly. 

While the intensifier contains hypo, it is desirable that negatives be 
washed for 5-10 minutes before intensification. After intensification, 
wash in running water for 15-20 minutes. Negatives so intensified 
are not permanent. To render them completely stable, immerse in 
a I per cent solution of sodium sulfide until the image has been wholly 
changed—as viewed from the back—from gray to brown-black. The 
intensifying solution must be kept in the dark or in an amber glass or 
earthenware bottle. 

Miscellaneous Methods of Intensification—A simple method of 
obtaining a medium degree of intensification consists in converting the 
silver image into one of silver sulfide by bleaching and redeveloping in 
sodium sulfide as in toning prints. Only one degree of intensification 
is possible, as no increase in density is obtained by repeating the process. 

The negative should be hardened in alkaline formalin before bleach- 
ing or the gelatin may be unduly softened in the alkaline sulfide bath. 

Other toning processes such as those employing the ferrocyanides of 
uranium and copper may be used for the intensification of negatives. 
An extremely high degree of intensification is possible with uranium 
and the process is one of the best for faint images. The intensified 
image, however, is not permanent, as the silver ferrocyanide is readily 
decomposed into sodium sulfide. Since intensification with such proc- 
esses is based upon the toning of the image, considerable experience is 
required to estimate the degree of intensification as the visual appear- 


22 W. B. Shaw, Brit. J. Phot., 80 (1933), 348. 
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ance of the image is not a direct measure of its printing density and 
contrast. 

Formulas for intensifying with uranium and copper will be feed 
on pp. 447 and 446 respectively. 

Intensification may be effected also by mordanting basic dyes to the 
image, using any of the well known mordants. See p. 448. <A dye, 
or combination of dyes, which is free from color is desirable as the 
degree of intensification is more readily estimated from the appearance 
of the image.?* 

Sensitometry of Photographic Intensification—A number of 
studies have been made (1) of the degree of intensification produced 
by the different methods and (2) the relation of the added density to 
the original density, but the most complete are those of Nietz and 
ruse“ 

First, however, it is necessary to notice the effect of the color of the 
image upon the degree of intensification. Since positive materials in 
general are sensitive only to blue light, any change in the color of the 
image which increases its absorption of blue light is equivalent, from 
a photographic standpoint, to an increase in density, and thus the ef- 
fective photographic density may be quite different from the visual 
density. The ratio of the visually measured density and the effective 
photographic density is termed the color-coefficient. The greater the 
difference in the density as measured visually and the effective photo- 
graphic density, the higher the color-efficient. 

The color coefficients for a number of processes are shown in the 
following table: ?° 


Chromium (i treatment) (D-72 redeveloper, 


The 22) oe Sch ectGho OC RNC REE MRC I creo M.P. Pan. Neg. 1.05 
Chromium (2 treatments) (D-72 redeveloper, 

1 B22) ees Re PR Re oN ee a a M.P. Pan. Neg. 1.19 
Mercury (D-16 redeveloper)...............-.. M.P. Pan. Neg. 1.01 
S ILV.Cl spew acre esicestov ty odes evattas s cease tit rar Secoga te M.P. Pan. Neg. 1.00 
Chromium (1 treatment) (D-72 redeveloper)... M.P. Positive 1.04. 
Mercury (Monekhoven’s)\...< 26.0. 42056 soc M.P. Positive 1.08 
Mercury (D-16 redeveloper)...............-- M.P. Positive 0.93 
Sil Vera maee rer otl Mearns sieeald ani multe cnontns M.P. Positive 1.00 


283 Ives, Brit. J. Phot., 68 (1921), 186. Lumiere and Seyewetz, Brit. J. Phot., 
73 (1926), 147. 

24 Abney, Phot. J., 44 (1807), 457. Janko, B. J. Almanac, 1808, 899. Bennett, 
Phot. Jl., 53 (1913), 214. Clerc, Brit. J. Phot. 59 (1912), 215. Nietz and 
Huse, Phot. JI., 58 (1918), 81; Brit. J. Phot., 65 (1918), 179, 101. 

25 Crabtree and Muehler, J. Soc. Mot. Pict. Eng., 18 (1931), 1001. 
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In Fig. 181 the percentage increase in density is plotted as the 
ordinate against the original densities as abscissae. A line parallel 
with the base would thus indicate proportional intensification. No in- 
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Fic, 181. Sensitometry of Photographic Intensification (Nietz and Huse). 
I, Mercuric chloride + ammonia. VI. Chromium + amidol. VII. Mercuric bro- 
mide + amidol. X. Mercuric iodide + paramidophenol. XII. Uranium. XVI. 
Mercuric iodide + Schlippe’s Salt. XVIII. Cupric chloride + sodium stannite. 


tensifier reaches absolute perfection in this respect, although several 
approach it closely. The distance of the lines above the base indicate 
approximately the degree of intensification produced with the corre- 
sponding methods of intensification. 

Local Intensification and Reduction—Local reduction or in- 
tensification is of great assistance at times in bringing out certain 
details in the shadows or in reducing the density of an over-dense 
highlight. Conditions often arise in which local treatment of the nega- 
tive or “ dodging ” of some sort in printing is unavoidable. There is 
often considerable reluctance towards the local manipulation of a nega- 
tive which may be difficult to replace, and in many cases it is quite 
true that it is better to reach the desired result through dodges in 
printing than by work on the negative itself. Still, a little local reduc- 
tion or intensification, carefully done, is the means of saving a great 
deal of time and waste of materials in printing. 


If the negative to be reduced or intensified has been allowed to dry, 
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it should be first soaked for fifteen to twenty minutes in water, while 
if the negative has been handled it may be well to add to the water a 
small amount of sodium carbonate to remove any grease present on 
the film. 

The principal difficulty in local reduction or intensification with the 
usual methods is to confine the action of the reducer or intensifier to 
the area in question. With very small areas it is best to work on the 
dry film, but if the area is of any size this is likely to lead to streaks. 
On the wet film, difficulty is experienced in the diffusion of the solu- 
tion over into adjoining areas where it is not wanted. On the whole, 
the best practice seems to lie in the use of a moist film, i.e., one from 
which the surface moisture has been removed by swabbing with absor- 
bent cotton and the negative left to drain in the drying rack for several 
minutes. 

For local intensification, the mercuric iodide method seems as satis- 
factory as anything else, since the growth of density can be watched 
and stopped when it has reached the proper point. For local reduction, 
Farmer’s ferricyanide-hypo is satisfactory, the principal disadvantage 
being the likelihood of stains. Better in this respect is a reducer of 
potassium cyanide and potassium ferricyanide.”® 

To prepare this, equal parts of 2 per cent stock solutions of potas- 
sium cyanide and potassium ferricyanide are mixed and diluted as 
required to a strength which enables its action to be controlled. 

For small areas, a water-color brush is the most useful tool for ap- 
plying the reducer or intensifier. For somewhat larger areas a tuft 
of absorbent cotton saturated with the solution is less likely to result 
in uneven action. Unless rather strong solutions are in use, and gen- 
erally that is not advisable, at least until the worker is experienced, the 
action can be stopped by holding the negative in a flowing stream under 
the tap. 

Another method of local reduction consists in rubbing down the area, 
using an abrasive paste such as Eastman Reducing Paste or abrasive 
pencils such as the Eastman Reducing Pencil. 

A most useful method of local intensification lies in the application 
of dyes to the area to be lightened. A yellow-orange dye suitable for 
this purpose is supplied by dealers as Coccine. The yellow, orange, 
and red of the more transparent water colors supplied for coloring 
lantern slides are also suitable. The well diluted colors are best ap- 
plied to a moist film with a small brush, As soon as the area has been 


26 Lighton, Brit. J, Phot., 73 (1926), 643. 


382 REDUCTION AND INTENSIFICATION 


completely covered, remove the surplus color by blotting with clean 
blotting paper or absorbent cotton. If the degree of coloration does 
not appear to be sufficient, repeat the application. Successive applica- 
tion of diluted solutions, the surface color being blotted off each time, 
is much less likely to result in uneven application than the use of a 
strong color at the out-set. Some little experience is needed to esti- 
mate the printing effect of the color, but once this is gained, local 
manipulation with dyes is a very useful and convenient addition to 
methods of local control. 

The ordinary lithographic pencil, applied to the back of the negative, 
is often very helpful in holding back small areas which print too dark. 
The mark is easily removed. 


Ae 


CHAPTER XVIII 


PREPARING THE NEGATIVE FOR PRINTING 


Blocking Out.—The first essential for good work is a good desk. 
One which is too small is exceedingly trying to the temper and dis- 
astrous to good work. There should be a flat smooth surface suf- 
ficiently large to allow plenty of elbow room. It is best made of heavy 
glass and either flat or inclined at a very slight angle. The light be- 
neath should be of good intensity and well diffused. Not all the light 
from the outside should be stopped out; it is important to be able to 
see the surface of the negative as well as to see through it. 

A few good sable brushes of various sizes, a jar or tube of opaque, 
a drawing pen, a straight edge, preferably of metal, and a celluloid 
draftsman’s curve complete the necessary accessories. 

The negative should be clean and free of finger marks. If present, 
they should be removed with a tuft of cotton wet with benzine or 
carbon tetrachloride. 

Where the subject contains a number of straight lines it is well to 
rule these with a draftsman’s ruling pen, starting with the horizontal 
lines and ruling all of these first, then the vertical lines. Many of the 
curves may be ruled in by using the draftsman’s curve; those which 
cannot, must be filled in freehand with a small brush. In using the 
brush, it is essential, if clear work is to be expected, that the hand 
should not be cramped. A free, rather flowing motion of the hand 
from left to right and away from the body, using the fingers under- 
neath the brush as a sliding pivot, leads to smooth, clean work. 

When the outline has been completely filled in, the next step is to 
widen the narrow line which now surrounds the subject. This is done 
with a somewhat larger brush; then any large areas are filled in with a 
still larger brush. 

When dry, the negative should be given a thorough inspection. 
Small imperfections can be removed by using a slightly moistened 
brush, which must be cleaned after each stroke, but if much of such 
alteration is to be done, something is wrong with the blocking-out 
technique and the worker needs more practice. 
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Black Backgrounds.—At times, it is desirable to introduce a 
black background. There are several methods: The negative may be 
coated with collodion diluted with an equal part of alcohol and ether. 
Then the part of the negative to be removed is bleached with a solution 
of iodine, this part of the operation being analogous to blocking out 
with opaque. As soon as the area covered is seen to be clear and 
opalescent on the back, the plate is thoroughly washed under the tap 
and the negative immersed in hypo which removes the image. Fin- 
ally, the plate is gone over with a piece of absorbent cotton, saturated 
with alcohol and ether to remove the collodion, washed and dried. 

David Charles, writing in the British Journal of Photography, rec- 
ommends bleaching out the background in a solution of potassium 
bichromate and hydrochloric acid as used for chromium intensification. 
The bleaching solution (rather stronger than for intensifying in the 
ordinary way) is applied with a brush, and when bleaching is complete, 
the negative (still held flat) is slipped into a 1 per cent solution of 
sodium carbonate which stops the action of the bleacher immediately. 
The negative is then washed three or four minutes and examined for 
rough edges where the background has not been completely removed. 
These edges are then touched up with the bleacher until the outline is 
clear and the negative placed again in the carbonate solution. Upon 
removal from the solution, it is washed one or two minutes, and placed 
in a plain hypo solution to remove any traces of the image which 
remain. Finally, it is washed and dried as usual. If any slight errors 
have been made in bleaching away portions of the image which are to 
remain, these can be restored before the negative is fixed by applying 
developer followed by fixing-out when they have attained the proper 
density.? 

A second method of introducing a black background is to go over 
the image to be preserved with a water-proof varnish. When this is 
dry, immerse the entire negative in any clear working reducer until 
the background is reduced out. If the negative is thoroughly dry 
when immersed in the reducer, and the reducing solution is one which 
acts quickly, there will be no spreading of any consequence under the 
coated image. 

Titles on Negatives.—The title or number may be lettered di- 
rectly on the back side of a film negative, but unless one is able to letter 
well this should not be attempted, as poor lettering, is a draw-back to 
any print. Glass negatives must, of course, be lettered in reverse on 


1 Charles, Brit, J, Phot, 
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the film side. So few are sufficiently experienced in this—even expert 
draftsmen—that it is seldom practical. 

Titles can be printed on negatives with rubber type, using an opaque 
ink. Sets of reversed type (photoscript) for printing on the emulsion 
side of the negative are obtainable commercially. Reversed type is 
not really necessary with film negatives, as the title may be printed 
on the back side. 

Opaque paper letters of a suitable size, ready gummed (Dennison), 
may be used to number or letter negatives. 

There are a number of ways of printing in the name of the studio 
without much additional trouble. One of the best of these is to letter, 
or have a printer set up, the desired lettering in type of suitable size 
and print on a thin transparent celluloid. Have the printer dust over 
the impression on the celluloid with lampblack before the ink dries. 
While having the work done, it is well to have several made up, as it 
is cheaper to have a number made at one time and those not needed 
immediately can be kept until required. The sheet of celluloid is 
placed between the negative and the paper when exposing the print so 
that the lettering appears in the position desired. The sharpness of 
the print will not be visibly affected as the celluloid is very thin. 

Neat, clear-cut titles may be made by placing a sheet of Kodapak 
or cellophane a trifle larger than the negative between two sheets of 
black carbon paper with the waxed sides facing the cellophane and 
typing the desired inscription through a sheet of thin paper. The 
carbon paper being placed on both sides of the cellophane produces a 
copy with sufficient density to print white. 

To make black letter titles on a white background, make a negative 
of the copy on process film and double print; print the negative first 
and then the title. To save film, only the title itself need be photo- 
graphed, the smaller film being masked so as to protect the rest of 
the print when printing. 

Retouching of Portrait Negatives.—The retouching of portrait 
negatives is frequently necessary for the removal of skin blemishes, 
and other imperfections, to improve the modeling and obtain a more 
pleasing effect. The amount of retouching required may be kept at 
a minimum by using color sensitive photographic materials, by lighting 
softly so as to avoid deep and sharply defined shadows, by using a 
soft-focus lens, diffusion disks, or other devices for softening the 
definition of the image, and by printing on a matte or rough paper. 

The following materials are required: 
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Retouching desk 

Retouching pencils (H, 2H, 3H and 3B) 
Bottle of retouching medium 

Etching knife 

Absorbent cotton 


Retouching desks may be purchased (Fig. 182) or built. A piece 
of opal glass should be fitted flush into a desk supported at an angle 


Fic. 182. Retouching Desk (Century) 


of about 40° and a 40 to 60 watt electric lamp placed below to il- 
luminate the negative. If this arrangement is not convenient, the 
light reflected from a white cardboard may be used. 

Retouching pencils are supplied in various grades, or degrees of 
hardness, designated by the letters H, 2H, 3H and B, meaning black. 
For the beginner three grades, H, 2H and HB, are recommended. 
For retouching, the point of the pencil must be needle-sharp. This 
necessary condition is secured by sharpening the point on a sheet of 
fine emery paper. 

Retouching medium may be purchased or made according to the 
following formula: 
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PAlexo Ut Resi an ete coe stacy ere ees _200 gr. 22.5 gm. 
Cumtcdammanes sas eean eee ee go er. IO gm. 
(CUM IMAC: Rac een teed Bees oles eo oe 20 gr. 2.25 gm. 
Oifrotsjumiperd tence soe tek oe eee 1 dram O CS 
Oikottugpentine saws er ae eee ae 2-4 OZ. 100-200 cc. 


(Whiting, Retouching) 


The gums are first powdered and then added to the oils; finally 
sufficient powdered asphaltum is added to give the mixture a dark 
amber color. . 

A drop or two of the retouching medium is placed on the part of the 
negative to be retouched and spread in a thin layer with a soft cloth 
or absorbent cotton, using a circular motion. Ridges or streaks, es- 
pecially along the edges, are to be avoided. 

The etching knife is used to reduce the density of small areas on the 
negative by scraping away some of the silver deposit. Success with 
the etching knife depends in a large measure upon its sharpness; it 
must be kept as sharp as a first quality razor or it will not be possible 
to shave away the silver deposit without producing scratches. Any 
etching required on a negative must be done before applying the 
retouching medium. 

Retouching the Face.—It is essential before proceeding that the 
beginner have a clear idea of what he is attempting to do. 

Retouching is a corrective process and it is not necessary to apply 
lead to the whole of the face but only where skin blemishes or other 
imperfections have resulted in a lower density than the surrounding 
portions. Beginning with the highlights, take one such spot and work 
on it until it disappears. Various strokes are used by retouchers in 
removing spots and suggesting skin texture. In the beginning, how- 
ever, one should not pay so much attention to the stroke as to filling 
the spot with fine lines so that at a distance of ten or twelve inches 
it matches the density of the surrounding portions and is no longer 
perceptible. Do not attempt to fill up the spot solidly, or at once, but 
use a relatively hard pencil, such as 3H, and work slowly and patiently, 
filling each spot with a network of fine crosslines. 

Begin in the highlights and work towards the shadows, using a more 
delicate touch in the shadows or thin portions of the negative than in 
the higher densities. 

Modelling —When the spots due to freckles and other skin 
blemishes have been removed, the beginner would do well to make a 
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print to see the effect of his work. If it is unsatisfactory, he can re- 
move the results of his labors by rubbing with a soft cloth containing 
retouching medium. It is probable that an examination of the negative 
will show certain areas to be blotchy, and gradations of tone which 
are abrupt or ragged. Perhaps there are some shadows which need to 
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Fic. 183. Strokes Used in Portrait Negative Retouching 
(Cassell, Cyclopedia of Photography) 


be lightened or highlights which must be blended with the surrounding 
areas. This may be undertaken next, using a fine, light stroke and a 
relatively hard lead. A knowledge of anatomy is a great asset at this 
stage. One must be careful to retain the character of the subject and 
avoid work which will show in the print. Retouching which attracts 
attention is often worse than none at all. 

Retouching Individual Features—Because of the method of 
lighting the subject, wrinkles and other character lines sometimes ap- 
pear unduly prominent, and need to be subdued. They should not be 
removed entirely, especially in the case of men or old people. It is 
often well to idealize women’s portraits, however, but not to the extent 
of destroying individuality. 

Care must be taken to preserve the real character lines and merely 
soften unpleasant features. For instance, the transverse furrows in the 
forehead may be exaggerated, especially in the case of older people. 
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These can be toned down but the two highlights on the upper part of 
the forehead and the two above the eyes should be preserved. 

When retouching the nose, begin on a line with a corner of the eye 
and work down the length of the bridge, blending softly down the 
side. If the shadow at the side of the nose is filled in too heavy, the 
nose will appear to blend into the cheek. 

Work on the cheek should begin on the highest light, and extend 
back to the side and down about half way to the shadow between the 
neck and the chin. If carried on down, the chin may be made to ap- 
pear too large. Sunken cheeks may have the shadows filled in 
somewhat. 

But little work is needed on the chin and this should emphasize the 
highest light. Never work from the chin clear to the lips, or the 
shadow between the lips and chin may be lost. 

Breaks or imperfections on the lips should be carefully filled, using 
light straight strokes. 

Any lines at the corners of the mouth having a downward tendency 
may be softened somewhat. 

The eye is the seat of expression and any attempt to modify it must 
be very carefully done. The catch light should ordinarily be on the 
iris about half way between the top and center of the eye. If it is 
too large or if it extends out over the pupil, a part may be removed 
with the etching knife as explained. It is sometimes well to strengthen 
the iris somewhat but this will make it print lighter in color. The 
“crow’s-feet’’ and other lines at the corners of the eyes may be 
softened by partly filling up the shadows. 

If enough lead will not adhere to properly build up certain parts, 
then the negative, if on portrait film, may be turned over and additional 
work done on the back.? 

Varnishing.—A suitable negative varnish may be prepared as 
follows: 

2 Retouching and Improving Negatives, Photo-Miniature No. 171, Tennant and 
Ward, Publishers, 70 Fifth Ave., New York City. Retouching Not Difficult, ed- 
ited by F. R. Fraprie, American Photographic Publishing Co., 428 Newbury St., 
Boston, Mass. Retouching and the Finishing of Photographs, by J. Spencer 
Adamson, Frank V. Chambers Publishing Co., 636 South Franklin Square, 
Philadelphia, Pa. The Art of Retouching Negatives and Finishing and Color- 
ing Photographs, by Robert Johnson, American Photographic Publishing Co., 
428 Newbury St., Boston, Mass. 
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Iso shellac solution.)s. >.> re -us oe 2 OZ nc site 5 LOO CES 
Atmmotitas (03880) se sees outs e ae eeiee Bude: wicca SOteee 
Methylated spirit (methyl alcohol)....4 0z......... BIO-EC; 

Il Wapanese gold sie.-2: a3. 52 - eee I part 
BenZOless has ee lniecs ee Sree ogeereeer ee 2 parts 


This forms a rather slow drying varnish which, however, takes the 
pencil well.’ 

It is well to heat the negative slightly before varnishing to eliminate 
any moisture which may have been absorbed by the gelatin film. If 
either of the above or other cold varnish is used, the negative should 
be allowed to cool before varnishing. Film negatives are best treated 
by drawing them through the solution and then hanging up by one 
corner to dry. In varnishing glass plates the plate should be held by 
one corner in a horizontal position and the varnish poured on the 
center so as to forma pool. Allow this to spread and incline the plate 
slightly to each corner in succession, allowing any surplus to drain 
from the last corner into the bottle. If this is done carefully the 
varnish will not go beyond the edge of the plate. It is well to prac- 
tice this technique on several waste negatives until it can be done 
without getting any of the varnish on the back. Allow plenty of time 
for the negative to dry. Varnishes differ in the amount of time re- 
quired in drying; heat should not be used, however, to hasten drying. 

Stripping Negatives—To remove the emulsion from a glass 
negative for transfer to a new support, prepare the following solution: 


Woodjalcoholitag.es o.oo cee eee eee ee 25 parts 
Wrattetrat acct oo co 5 ee ana ae ee I part 
GIN CORINE Week Rian toon Noni eae eee ee nat A I part 


A sheet of waxed paper slightly larger than the negative, some 
blotting paper, and a small quantity of hydrofluoric acid will be 
required, 

Place the negative on the back of a tray or on a sheet of glass which 
is perfectly level. To each ounce (30 cc.) of the above solution, add 
10 to 200 drops (1-10 cc.) of hydrofluoric acid and pour over the nega- 
tive until the surface is covered. Spread the solution, if desired, with 
the edge of a piece of cardboard. After one or two minutes, try one 
corner of the film with the fingernail. If free, pull away the edges. 
When the emulsion appears to be free of the support, apply a sufficient 
amount of the alcohol-glycerine mixture to cover the emulsion and 


8B, J. Almanac, 1936, 353, 354- 
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apply the sheet of waxed paper. Squeegee the paper to the emulsion, 
using a flat squeegee lightly, and remove the film from the glass by 
lifting one corner with a penknife and stripping the waxed paper from 
the glass. 

The paper with its adhering emulsion is now placed on a glass plate 
which has been coated previously with a layer of soft gelatin, squeegeed 
lightly and the paper stripped, the point of a knife being used to hold 
the corner of the film on the glass. 

The following solution should be used to remove the image from 
film negatives: 


@ansticsoda sao eee eee 100 grains 23 grams 
Rormalitre peer 2 eo ee ee 100 minims 2rce 
Wiaterrto: starsat = ere pee eee 10 oz. 1000 cc. 


The negative is placed in this solution until the emulsion layer is 
loosened, stripped carefully and placed in: 


lohwargecl rae BkelGlaesnonsomesannobousoe 25 minims sige 
Glycerine tania escent 25 minims Brees 
Waterstones on nin tenia. at ey ween I Oz. 100 cc. 


It is then transferred to the new support.* 

Working-in Backgrounds on the Negative—Many portrait 
photographers are quite adept at working-in or altering backgrounds 
on the negative. The picture, in this case, is made with a plain back- 
ground, the object being to have the background portion clear and 
free from any detail whatsoever. The negative is then attached to a 
sheet of ground glass, or to matt celluloid, and the design worked in 
with lamp black, lead, or charcoal, using a paper stump and a rubber 
eraser.° 


4 These methods are taken from the British Journal Photographic Almanac, 
1937. f 

5 Photo Miniature No. 126, “ Putting Backgrounds in Portrait Negatives,” or 
Johnson’s “ The Art of Retouching Photographic Negatives.” 


CHAPTER XIX 


PRINTING ON DEVELOPING-OUT-PAPERS 


Developing Papers.—Developing papers for positive printing 
may be divided into three main divisions in accordance with the silver 
halide, or combination of halides, employed: (1) chloride, (2) bro- 
mide and (3) chloro-bromide. 

Papers of the first class may be further divided into contact and 
projection papers, the difference being largely in sensitiveness. Papers 
of the type intended for photo-finishing or commercial photography 
develop quickly, producing black or bluish-black images, and are made 
in from four to six grades, or degrees of contrast ; papers intended for 
portraiture develop more slowly, producing warm-black or brownish- 
black images and are supplied in a large number of different surfaces, 
but usually in not more than three degrees of contrast and frequently 
in only one. 

Bromide papers are coated with an emulsion similar to that on films, 
except that it is much less sensitive, although bromide papers are 
usually much faster than chloride or chloro-bromide papers. Bromide 
papers develop slowly, producing a black image, and in this country 
are used almost exclusively for projection printing. 

Chloro-bromide papers tend to produce warm-black, brown-black, 
and olive-black images and are widely used for portraiture and pic- 
torial work when a warm-colored image is desired. In speed, papers 
of this type stand midway between the slower chloride papers intended 
for contact printing and the more rapid projection papers. They may 
be used therefore either for contact or projection printing, given light 
sources of the proper intensity. 

In most cases a particular paper is obtainable in a wide variety of 
surfaces, the most common being (1) glossy (2) semi-matte or velvet 


Batnes—The Positive Processes in Photography. Chem. & Ind., 52 
(1933), 443. 

CHARRIOU AND VALETTE—Photographic Emulsions for Rapid Printing 
Papers. Chim. et Ind., 36 (1936), 888. 

Wanvett—Modern Development Papers. Phot. Ind., 32 (1934), 1350: 
S.&1-P. (Tl), 6: (1935), 121. 
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(3) matte (4) rough and (5) rough lustre. Glossy papers dried on 
ferrotype plates so as to produce a high gloss are favored for repro- 
duction. For pictorial work, the choice of any particular surface de- 
pends upon the subject matter of the picture and personal preference. 
In general, however, the semi-matte and matte surfaces are employed 
for small prints, the rougher surfaces being reserved for the larger 
sizes. 

Characteristics of Photographic Papers—The sensitometric 
methods employed in determining the characteristics of printing papers 
and the reproduction of tone with various printing media are, in gen- 
eral, the same as those used in the study of negative materials. In the 
case of papers, however, it is the density of the developed silver deposit 
by reflected light (the reflection density) and not the light transmitted 
(the transmission density) which is of importance. Measurements of 
the amount of light reflected from a density are made in specially 
designed densitometers in which the area to be measured is illuminated 
by diffuse light at an angle of approximately 45° to avoid specular 
reflection which would result in false values.* 

The reflection density, unlike the transmission density, is not directly 
proportional to the mass of silver per unit of area but depends upon 
(1) the surface reflection, (2) the reflecting power of the paper stock, 
and (3) the mass of silver. 

The reflection density may be expressed as 


log 5 


1 Jones, Nutting and Mees, Phot. Jl., 54 (1914), 342. 


Jones, Nutrinc AnD Mees—Sensitometry of Photographic Papers. Phot. 
Ja 40 (£014) 3014 Brits J... Phot. 62: (1915), 0,22).38. 

EMMERMANN—Density Range of Papers. Atelier, 43 (1936), 116. 

EMMERMANN—Paper Speeds and Contrast. Brit. J. Phot., 77 (1930), 
181-183. 

ROS cock of Photographic Printing Paper. Correlation between 
Sensitometric Constants of Positive Materials and the Character- 
istics of the Optimal Positives and Negatives. J. Franklin Inst., 204 
(1927), 41-89. ; 

JonEs—Contrast of Photographic Printing Paper. J. Franklin Inst., 202 
(1926), 589-625; 203 (1927), 111-156. 

Jones—Contrast of Photographic Printing Paper. J. Franklin Inst., 202 
(1926), 177-204, 469-516. 

Renwick—The Sensitometry of Photographic Papers. Phot. J., 55 
(1915), 29. 
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where / is the intensity of light reflected from the paper base free of 
an image, and R the intensity of light reflected from the deposit after 
exposure and development. 

When a developing paper is exposed in a suitable sensitometer, de- 
veloped, and the reflection densities plotted against the logarithm of 
the exposure, the D-log E curve is found to be similar to that of nega- 
tive materials. The principal observable difference in the curves of 
papers and negative materials is the comparatively low value of the 
maximum density. This is due to the fact that with papers we are 


<—Lensity Range 


<——Exposure Scale ————> 


Fic, 184. Brightness Range Exposure Scale and Effective Gamma of 
a Printing Paper 


dealing with reflected light and there are three surfaces from which 
the light is reflected: (1) the gelatin, (2) the silver deposit, and (3) 
the paper base beneath the silver deposit. The maximum density, 
therefore, is limited by the amount of light reflected by the surface 
and is seldom greater than 1.5 to 1.8, even on glossy papers. On 
matte papers, it is much less, ranging from 1.1 to 1.5. 

The difference in the intensity of the light reflected from the paper 
base and the maximum density which the paper will produce consti- 
tutes what is termed the brightness range of the paper. Papers fixed 
without exposure to light reflect from 65 to 70 per cent of the incident 
light, while the maximum black varies with the character of the emul- 
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sion and the surface of the paper from 0.8 to 4 per cent. The bright- 
ness range of a typical matte paper is given by Mees? as 1: 16, or in 
density units 0.0 to 1.2, and that of a glossy paper of good quality as 
0.0 to 1.8 or even 2.0, the latter corresponding to a brightness range 
of 1:100. From this we may conclude that, in general, it is possible 
to reproduce in a print the range of brightnesses found in the average 
subject but, in the case of matte papers or subjects of high contrast, 
only by using the entire range of the paper. 

With papers, as with negative materials, the straight-line portion of 
the characteristic curve represents the range in exposure over which 
correct (proportional) reproduction is obtained. This range is con- 
siderably less than the total scale of the paper; hence, except in the 
case of a subject of low contrast, correct reproduction must be sac- 
rificed at both ends of the brightness scale. 
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Fic. 185. D-log E Curves for Three Grades of a Paper 


The contrast of a paper depends upon: 


1. The brightness range. Other factors being constant, the greater 
the brightness range the higher the contrast. 

2. The slope of the straight-line portion, or more particularly the, 
average gradient of the D-log E curve (gamma). 


2 Mees, Phot. JI., 64 (1924), 311; Brit. J. Phot., 71 (1924), 445, 461. 
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With papers, the maximum gamma (gamma infinity) is 
reached at a comparatively early stage of development and 
shorter periods of development result in images of poor color 
and quality, so that in practice, papers are usually developed to 
their maximum gamma. 

3. The exposure scale, that is, the range of exposures required to 
produce the complete range of brightnesses which the paper 
will yield. 

This last factor varies from about 1 to 5 in the case of the so-called 
“vigorous” or “extra contrast” papers designed for amateur use 
to 1:16 or 1:32 in the case of the “soft or extra soft” grades, and 
from 1:50 to 1:60 in the case of bromide and chloro-bromide papers 
intended for professional use. 

Papers having a short exposure scale are generally designated by 
some term implying contrast, for example, hard, vigorous, or contrast, 
because from a given negative they produce prints of greater contrast 
than similar papers having a longer exposure scale; such papers are 
designated as medium, normal, or as soft, or extra soft, according tc 
the length of the exposure scale. 

No necessary connection exists between the exposure scale of a 
paper and its quality. The quality of a paper is determined by (1) 
the maximum black—the higher the maximum black the greater the 
available brightness range—and (2) the length of the straight-line 
portion of a paper or, since this is frequently a relatively small part 
of the total curve, the length of the portion in which the gradient is 
sufficient to produce useful differences in brightness. 


DENSITY 


EXPOSURE 


Fic. 186. Quality in Paper 


Thus the two curves in Fig. 186 represent two papers, each having 
the same maximum density, the same brightness range, and the same 
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exposure scale. In one of the curves, however, the straight-line por- 
tion is relatively short and at both ends of the scale the increase in 
density with increased exposure is very small, so that the brightness 
differences in the highlights and shadows are degraded. The second, 
on the other hand, the straight-line portion is much longer and only 
at the very extremities is the gradient too small to be useful. It 
is therefore, much the better paper from the standpoint of tone 
reproduction. 

Adaptation of the Paper to the Negative.—It is evident that if 
the difference in the amount of light transmitted by the thinnest and 
the densest portions of the negative (the transmission range) is 
greater than the exposure scale of the paper, some of the density 
differences in the negative will not be represented by tone differences 
in the print. If the exposure for the thinnest portion of the negative 
is just sufficient to produce the maximum black which the paper will 
produce, the density differences of the negative at the other end of the 
scale are represented by white paper. 

If the exposure is increased so as to reproduce the higher densities 
of the negative, several of the lower densities will be represented by 
the maximum black of the paper. 

If the transmission range of the negative is less than the exposure 
scale of the paper, either the maximum black is not reached or the 
highlights are degraded, depending upon the exposure and the scale 
of tones is less than that required for a satisfactory reproduction of 
the brightness differences of the original. 

It is evident then that, in general, the best results from the stand- 
point of tone reproduction are obtained when the exposure scale of 
the paper is approximately equal to the transmission range of the nega- 
tive. Thus papers with a short exposure scale (contrast grades) are 
used for negatives of low contrast (narrow transmission range) and 
papers with a long exposure scale (soft grades) with negatives of high 
contrast (wide transmission range). 

Then the exposure is regulated so that the tones which are of the 
greatest importance, that is, the tones within the most interesting part 
of the picture, as for example, the head in a portrait are placed either 
within the straight-line portion of the paper, D-log E curve, or as near 
it as is consistent with the best rendering of the remainder of the 
subject. 

Exposing the Print—When using a printing frame, the back of 
the frame is removed and the negative placed in the frame emulsion 
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side up. (A sheet of clean glass must first be placed in the frame if 
a film negative is used.) The sensitive paper is then placed with its 
emulsion side facing the negative, the back of the printing frame re- 
placed, and the springs clamped down. 

While daylight may be used for the exposure, artificial light is 
preferable, owing to its greater uniformity. A convenient method of 
making the exposure is shown in Fig. 187. The distance between the 
light source and the printing frame should be kept constant and be 
sufficient to illuminate the negative uniformly. 


Fig. 187. Exposing Print with Gooseneck Reading Lamp 


Printing Machines.—A printing machine is a more rapid and 
convenient method of exposing the print. A typical printing machine 
is shown in Fig. 188 (Eastman No. 2). It contains four 40-watt 
lamps which are switched on and off with the lowering and raising of 
the platen and a ruby pilot light which burns continuously. A ground 
glass to diffuse the light is placed directly beneath the printing bed and 
a masking device consisting of four adjustable metal strips is provided 
for convenient masking of negatives. 

The Eastman Professional Printer (Fig. 189), designed for pro- 
fessional use, has a single concentrated light source carried in a mov- 
able fixture in which may be placed lamps ranging from 25 to 1000 
watts. This movable fixture enables the intensity of the light to be 
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Fic. 188. Printing Machine (Eastman No. 2) 


OSI 
Lo 
7 


Fic. 189. Printing Machine (Eastman Professional) 
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adjusted to the speed of the paper, or the density of the negative, by 
simply moving the desired lamp into the printing position. A movable 
diffusion screen provides for controlled diffusion of the light from the 
single source. 

The transparent rubber-studded printing platen results in positive 
contact, and yet facilitates control in printing, since shading may be 
followed through the transparent platen. Space is provided beneath 
the printing glass bed for the introduction of shading material. 


Fic. 190. Professional Printing Machine (Pako) 


The Pako Professional printer is shown in Fig. 190. The unique 
feature of this machine is the provision made for local printing or 
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: dodging.” The printing head is hinged so that for local printing 
it may be brought to a vertical position as shown in Fig. 191 and local 


Fie, 191. Detail of Pako Professional Printer Showing Hand Spotlight 
Used for Local Printing 


dense areas on the negative printed in with a small concentrating 
spotlight. 

Special printing machines designed for photo finishing differ es- 
sentially from those used by portrait and commercial photographers 
in being designed for speed of operation. Usually, adjustable mask- 
ing blades are provided so that only a moment is required to change 
when printing from different sized films. In many machines, the 
paper is held in place so that only two sides of the prints need be 
trimmed in order to obtain equal and uniform margins. In some cases, 
the bed of the printer is inclined so that after exposure the paper will 
slide off automatically into a tray. The printing area being small, the 
platen is usually made in one piece and paper clamps provided for 
holding the paper in place as the platen descends. In a number of 
printers, the platen is operated by a foot treadle so that the hands are 
left free for handling the negative and paper. 

Usually each print is numbered on the back at the time of exposure 
by a numbering device which is fitted into the platen. This device is 
set to correspond with the order number on the envelope. The prints 
may then be assorted by the numbers on the back. 

Recently, a number of printers making automatically timed expo- 
sures have been introduced. In these, any one of a number of fixed 
exposures, sufficient to meet the requirements of all average negatives, 
is made automatically when the proper key or lever is depressed. The 


402 PRINTING ON DEVELOPING-OUT PAPERS 


exposures are controlled either by a shutter providing automatically 
timed exposures or the time of exposure is kept constant and the 
different exposures produced by changing the intensity of the light. 
This is accomplished by introducing the proper amount of resistance 
into the electric line from which the printing light operates. With 
such machines it is possible to make from 500 to 1000 average amateur 
prints per hour. While more expensive, automatic printers are more 
economical for the larger plants because of the lowered operating cost 
resulting from larger production and reduction in waste of time and 
material. 

Improvement of the Print by Local Shading During the Ex- 
posure.—The improvement of the print through shading or other- 
wise altering the amount of exposure which a portion of the image 
receives and so controlling the values of the print is known as dodging. 

The simplest method of dodging consists in shading, during the ex- 
posure, with an opaque card held in the hand and kept in motion to 
prevent a sharp edge. Shading may be utilized to hold back an area 
which prints too dark or to increase the exposure in the case of an 
area which prints too light. Small areas which print too light may be 
printed by cutting an opening of the proper size and shape in a piece 
of cardboard and using this to shade the rest of the negative so that it 
will not be over-exposed while the additional exposure is being given 
for the denser portion. A small area which prints too dark can be 
held back with a card of the proper size and shape attached to a piece 
of wire and kept in motion during the exposure so that the wire will 
not show. 

It is very difficult to shade negatives in this way on many printing 
machines because the opaque platen of the printing machine prevents 
one from seeing what is being done. The principal objection to 
shading as a means of controlling local values, however, is that it is 
difficult to make a number of prints exactly alike. 

If the negative is on glass the back is covered with ground-glass 
substitute and areas which are to be lightened are gone over on the 
back with a soft lead pencil. If the negative is on film, a sheet of clear 
glass is flown with ground glass substitute, the back of the film nega- 
tive attached to the clear glass side, and the density of the areas to be 
lightened built up with a soft lead pencil. For larger areas crayon 
sauce, obtainable from artist supply stores may be applied with paper 
stumps or a small wad of cotton. Instead of crayon sauce many prefer 
a little ordinary blue water color applied with a brush. Unless the 
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area is to be held back considerably, the blue color will probably be 
sufficient; yellow may be used sparingly for very thin areas. Areas 
which are to print darker may be improved by applying a little vaseline 
to the ground glass. 

Great accuracy is not necessary since the thickness of the glass so 
diffuses work on the ground side that minor irregularities are smoothed 
out. 

Another method of control which is suitable for areas not too small 
consists in placing a sheet of tissue or transolene (obtainable from 
photographic supply houses) ‘an inch or so below the negative and ap- 
plying water, oil colors, or opaque (much diluted) to the paper beneath 
those portions of the negative to be held back. Openings may be cut 
in the paper to accommodate those portions of the negative which need 
more exposure. 

Thin wads of cotton placed on a sheet of glass an inch or so below 
the negative may be used to good advantage in some cases. A few 
printers use sand in a glass bottom tray in much the same manner. 

Still another method (and a very convenient one) is to cut openings 
in onion-skin paper in such a way as either to hold back certain parts 
of the negative or to make them print darker, whichever is desired. 
The negative is placed on the printing machine and the area to be held 
back (or to be printed darker as the case may be) is outlined on a 
sheet of paper placed over it, using a wax pencil. The outline is made 
a trifle smaller than the area to be held back. Now take the point of 
a sharp knife and cut out the paper along the outline, making a saw- 
tooth edge. Place the cut-out paper mask on one of the clear glass 
shelves below the negative and center the negative over it so that the 
areas to be printed darker will be directly over the cut-out portions of 
the paper. The negative is now attached to the glass of the printer 
with Scotch tape and the print made. The sharpness of the outline 
may be controlled by placing it at different distances from the negative 
—the nearer it is to the negative, the sharper the shading. 

Vignetting.—To produce a vignetted print (that is, one in which 
the image fades gradually into white paper) a subject with a white 
background is necessary. 

To make a vignetted print, proceed as floss: Attach the negative 
to the glass of the printing machine (or printing frame) using two 
short pieces of cellulose tape. Place over the negative a sheet of clear 
glass and outline on this glass, using a wax or china-marking pencil, 
the portions which are to be vignetted. Remove the glass, and place 
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over it a sheet of yellow-orange or “ post office” paper and trace the 
outline on the paper. With the point of a knife tear out the inner 
portion leaving a jagged, saw-tooth edge. The rougher the edge and 
the longer the “teeth” of the saw, the better. Now place the cut-out 
mask on one of the sheets of glass several inches from the negative. 
The greater the distance between the mask and the negative, the softer 
will be the edge. 

Some printers make vignetted prints by means of a glass-bottomed 
tray and sand. The black sand used by sign painters is best but or- 
dinary fine-grain sand is satisfactory. To evenly distribute the sand 
the tray is shaken and then placed on one of the glass shelves directly 
beneath the negative. A soft brush is used to “shape up” the open- 
ing in the sand to produce the desired effect. By having the layer of 
sand thin along the edges, the light coming through the sand will 
produce a graded edge. The remainder of the layer should, of course, 
be sufficiently thick to prevent light from reaching the paper. 

A vignetted effect may be produced on the negative with an air 
brush using a fine grade of lamp black or non-actinic color. 

Developers and Development.—The development of prints is 
not essentially different from that of negative materials but certain fac- 
tors which are relatively unimportant in negative development become 
of considerable consequence in the development of emulsions on paper. 
The factors of diffusion and absorption of the developing solution 
by the gelatin film become much less important, while development 
takes on more of the character of the so-called “ physical’? develop- 
ment, i.e., the reduction of the silver from a solution which interacts 
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with the developer. This alteration in the character of development 
is not due, however, to the use of an accessory solution depositing 
silver, as in actual physical development, but to the solvent action 
of the sodium sulfite of the developer on the fine-grained silver bromide 
and silver chloride. 

For bromide and chloride papers which are designed to produce 
prints with a black or bluish black color, metol-hydroquinone devel- 
opers have almost completely displaced all others, although diamino- 
phenol is preferred by some workers. 

For warm-black and brown or olive-black colors on chloro-bromide 
papers, metol-hydroquinone developers heavily restrained with potas- 
sium bromide, chloro-quinol, or a combination of glycin, metol and 
hydroquinone are used. In any case, it is well to follow the formula 
recommended by the manufacturer.® 

A factor of major importance in the development of prints is the 
color of the image. Excluding the effect of the paper base, the color 
of the image depends upon the dispersity of the silver deposit, i.e., the 
average size of the particles of metallic silver comprising the image. 
The smaller the average particle size, the warmer the color.* 

With any given paper, the average size of the silver particles and 
the color of the image depend upon: (1) the composition of the de- 
veloper and (2) the time of development. The purest black which 
the paper will yield is obtained when the solvent effect of the developer 
is at a minimum, i.e. when a relatively large proportion of alkali is em- 
ployed with only sufficient restrainer to prevent fog and when the 
image is developed to finality, ie. until the latent image is completely 
developed. The depth or darkness of the print, therefore, is not regu- 
lated by the time of development but by the exposure. Proper ex- 
posure may be defined as the exposure which, with development to 


3 With a metol-hydroquinone developer it is possible to modify the contrast of 
the print to a certain extent by altering the proportions of the two developing 
agents. Increasing the proportion of hydroquinone tends to increase contrast 
while an increase in the proportion of metol reduces contrast. The effect is 
more marked with some papers than with others and is frequently negligible in 
the case of rapidly developing papers of the silver chloride type. Usually, the 
color and quality of the image suffer from any modification of the developer 
which is sufficient to result in an appreciable alteration in contrast, but this is 
sometimes of less importance than the ability to secure a print of acceptable 
gradation. See Beirmann, Phot. Jl., 68 (1928), 456. 

4 Jones, Phot. Jl., 51 (1911), 151, 
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finality in the developer recommended by the manufacturer for black 
or blue-black tones, results in a print of the proper depth or darkness.® 
Blue-Black Tones on Developing Papers.—The production of 
blue-black tones is facilitated with many papers, particularly those of 
the slow silver chloride type, by the addition to the developer of nitro- 
benzimidazol, benzotriazol, nitroimdazol, nitrosoquanidine, thiosemi- 
carbazide, thiosemicarbazone, thioglycollic acid, 5-amidoquanide, qui- 
none chloride, iodosobenzine, quinoline and potassium sulfocyanate. 
Typical examples are (1) 20-30 cc. of a1 per cent solution of benzo- 
triazol or 30-50 cc. of a cold saturated alcoholic solution of iodobenzine 
to each liter of a metol hydroquinone developer, (2) 1 part quioline to 
each 1000 parts of developer, and (3) 2 to 4 drams of a % per cent 
solution of potassium sulfocyanate to each 32 ounces of developer.® 
Warm Tones by Direct Development.—To obtain warm tones 
on chloride or chloro-bromide papers, the alkali is reduced and the 
amount of bromide or other restrainer increased in order (1) to in- 
crease the solvent action of the developer and (2) to prevent the com- 
plete development of the exposed grains of silver halide before an 
image of satisfactory gradation and quality is obtained. The use of 
developing agents of low potential, such as chloroquinol and glycin, 
alone or in combination with metol and hydroquinone, is favorable 
towards the production of warm-colored images because of their 
greater sensitivity to the restraining effect of potassium bromide. 
The color of the image with a given paper is dependent therefore on 
(1) the composition of the developer and (2) the time of development. 
Increasing the amount of restrainer tends to produce warmer colors 
due to the increased solvent action of the developer while reducing the 


5 A very important factor in the production of good black tones is the use of a 
fresh developer. Chloride papers are very sensitive to soluble bromide, and, 
since the amount of bromide in the developer increases with every print developed, 
it is obvious that the developer must be renewed frequently if constantly good 
print quality is to be obtained. Contamination of the developer with hypo or 
other substances having a solvent effect on the silver halide are likewise to be 
avoided. Very small traces of hypo have a marked effect on the color of the 
image, changing it from a good black or blue-black to a degraded color. 

6 Steigmann, Phot. Korr., 68 (1932), 75; S. 1. P. 7 (1936), 74. See also: 
Steigmann, Camera (Luzern), 13 (1934), 100; S. I. P., 6 (1935), 299. Seyewetz, 
S. I. P., 6 (1935), 300. Kieser, Phot. Ind., 31 (1933), 997. Gossler, Phot. Ind. 
(1034), 476, 782; (1936), 1127. I. G. Farbenindustrie, Phot. Ind. (1935), 502. 
Brit. J. Phot. (August, 1936), 83, 552. 


Substances of this type have been placed upon the market abroad as Bellaton 
and Fegasol, 
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time of development and increasing the exposure accordingly also tend 
to produce warmer tones. Hence, in producing warm tones on 
chloride and chloro-bromide papers, the time of development is deter- 
mined by the color desired and the composition of the developer ; such 
papers are not ordinarily developed to finality. 

Fixation of Prints.—It has been conclusively proved that the 
time required for the fixing of prints is much less than for negative 
materials.” There are four reasons for this: 

1. The smaller grain size of papers as compared with negative 
materials. 

2. The thinner emulsion coating and lower concentration of silver 
halide. 

3. The greater solubility of silver chloride as compared with silver 
bromide and silver iodide. 

4. The porous nature of the support which allows free access of 
hypo from both sides. 

The time required for fixing in a fresh fixing bath depends upon the 
paper, the concentration of hypo, and the composition of the fixing 
bath, but is seldom over one or two minutes. The customary ten to 
fifteen minutes is justified, however, when prints are fixed in quantities 
and in a used fixing bath. 

Owing to the smaller quantity of silver halides per unit area, a given 
quantity of fixing bath will fix more prints than films. However, there 
is no ready means of determining from the prints themselves whether 
or not the bath is in good condition; hence it is important to be on 
guard against using the bath beyond the limits which result in thorough 
fixing. For an acid fixing and hardening bath with a hypo concentra- 
tion of 25 per cent this limit is approximately 50 8 X Io prints per 
gallon or an equivalent in other sizes.® 

The use of two fixing baths is even more important than in fixing 
negative materials since (1) there is greater tendency to overwork the 
fixing bath in fixing prints, and (2) the proper fixing of prints depends 
upon keeping the prints in circulation during fixing to ensure access 
to hypo. The use of two fixing baths necessitates some handling of 
the prints in transferring from the first to the second bath and this 
in itself is an added guarantee of proper fixing. 

7 Warwick, American Photography, 11 (1917), 639. Lumiére and Seyewetz, 
Brit. J. Phot., 71 (1924), 108. 


8 For methods of testing fixing baths, see p. 341. 
See Weyde, Brit. J. Phot., 82 (1935), 326. 
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Long fixation is harmful, particularly with a fresh fixing bath, as 
the relatively fine-grained image is slightly soluble in strong hypo, 
especially in an acid condition; thus prolonged fixing results in a re- 
duction in the depth of the shadows and highlights which appear 
“eaten away.” Longer fixing times by favoring the retention of the 
hypo by the paper base, necessitate longer washing. 

Washing of Prints.—It is often assumed that prints.are more 
quickly washed than negatives because of the porous nature of the 
base which will allow elimination to take place from both sides. This, 
however, is not true, and prints in reality require longer washing for 
an equal degree of elimination from hypo than do negatives. This 
appears to be due to the retention of small traces of hypo by the baryta 
base coating of the paper.® 


= 


Fic. 192. Eastman Syphon Washer 


While it is important that prints are kept exposed to fresh water 
and not allowed to collect in batches, agitation does not seem to have 
the same favorable influence in shortening the time of washing that 
it does in the case of negatives. A certain amount of soaking appears 
almost as effective as washing in running water. Hickman states that 
even under the most favorable conditions prints should be washed at 
least half an hour if on thin papers and an hour if double weight. 
Tests for the presence of hypo can, of course, be made either with 
permanganate or with mercuric bromide.” 

9 Hickman and Spencer, Phot. Jl., 64 (1924), 539. 


is According to Weyde (Brit. J. Phot., 82 (June 14, 1935), 376) the time re- 
quired for washing may be greatly reduced by placing the prints in a I per cent 
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So far as efficiency is concerned, it is doubtful if any means of 
washing prints is superior to the use of a fairly large tray (16 X 20 
or 20 X 24) fitted with an Eastman Automatic Tray Siphon (Fig. 
192). The water entering the tray makes a complete circuit, keeps 
the prints on the move and well distributed, and is drawn off through 
the siphon; the water in the tray is thus changed every few minutes. 
Few washing devices provide so rapid changes of water. 
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Fic. 193. Electrically Operated Print Washer (Pako) 


For large batches of prints the cylinder cage type of washer (Fig. 
193) in which the prints are placed in a cage which is revolved either 
by water power or an electric motor is more suitable, although it is not 
particularly efficient either from the standpoint of rapid water changes 
or keeping the prints well separated. 

Drying Prints.—Prints on matte or semi-matte papers may be 
dried face up on blotters or on stretchers covered with cheese cloth or 
muslin. As prints left on the stretchers until bone dry will curl badly 
they are best removed when nearly dry and placed between blotters 


solution of sodium carbonate for one minute after fixing and before washing. 
It is not advisable to use a stronger solution, nor to allow the prints to remain in 
the bath longer than one minute, or the whiteness of the paper may be affected, 
particularly if the print is dried by heat. Since a I per cent solution is rapidly 
neutralized by the fixing bath, a fresh bath should be prepared frequently. 
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and under pressure until dry. Never place wet prints between ordi- 
nary blotters to dry as they may stick. 

A very satisfactory and convenient method of drying prints, except 
on glossy papers, is in a photo-blotter roll. This consists of a cloth- 
surfaced blotter, a plain blotter, and corrugated cardboard. The damp 
prints are laid face down on the cloth-surfaced blotter and covered 
with the plain blotter, then rolled up in the corrugated cardboard and 
fastened with a string or rubber band. The roll may be stood on end 
on the top of a radiator or hot-air register or laid on its side with one 
end facing an open window. Prints dried in such a roll come out 
smooth and with a slight outward curl. 

Prints on glossy papers are usually dried on squeegee tins or on 
glossy print driers. 

There are two kinds of squeegee tins: the black enameled ferrotype 
plates and the chromium plates. The latter are more durable, scratch 
less easily, and last longer. There is also less tendency for prints to 
stick to the plate particularly when dried by heat. 

In either case the plates should be cleaned frequently with warm 
water to remove any particles of gelatin which may have been left on 
the plate when the prints were removed. It is not necessary to use a 
polishing solution each time the plate is used, but to prevent prints 
from sticking it is well to polish the plate every day or so. A good 
preparation for this purpose may be made by dissolving Io grains of 
paraffin in one ounce of benzine. Any one of the many commercial 
preparations may be used instead if desired. Wet a tuft of cotton 
with this solution and go over the plate thoroughly; then polish off 
with a soft cloth such as canton flannel. There should be no visible 
trace of the solution left on the plate or the prints will have a greasy 
appearance. | 

When ready for use the plates should be placed on a drainboard or 
in the sink and sprayed with water to remove dust or lint: the more 
water on the plate the less likely air bells are to form beneath the print 
and the less danger of prints sticking to the plate. 

Where heat is used in drying in conjunction with chromium squeegee 
plates, it is sometimes advisable to soak prints in a glycerin solution, 
8 to 10 parts of water to 1 part of glycerin, for 5 minutes before 
placing them on the tins. This prevents prints from becoming brittle 
when dry and from cracking if run through a print straightener. 

Prints should be taken directly from the wash water and, without 
draining, placed face down on the ferrotype plates being careful to. 


PRINTING ON DEVELOPING-OUT PAPERS 411 


avoid air-bells which will cause duil spots by preventing perfect con- 
tact. A slight pressure with the finger in the center of each print will 
prevent sliding. 

It is not advisable to dry prints too rapidly or at a temperature above 
150° F. as the gloss and color of the prints will be affected. Rapid 
drying may result in the formation of drying marks or circles on the 
prints, and a ground-glass or check effect on the surface of the plates. 
If a drying cabinet is used, it should provide for good circulation of 
air, but strong air currents striking the plates should be prevented by 
suitably placed baffle plates between the fan and the plates. 

If prints adhere to the plate so that they cannot be removed, it may 
be due to one or more of the following causes: 

1. The plate was not properly cleaned and polished. , 

2. The surface of the print was softened by prolonged washing, by 
washing in warm water or were insufficiently hardened because of an 
exhausted or improperly compounded fixing bath. Use a fresh acid 
fixing and hardening bath at a temperature not higher than 70° F. 
(20 4G.) 

3. The prints were dried at too high a temperature and without 
sufficient circulation of air. Avoid heat in drying and place the tins 
where there will be a good circulation of air. 

Print Driers—The most common form of print drier is that in 
which the prints are placed on a belt which passes over a heated drum 


Fic.194. Rotary Belt Dryer (Sickle) 


revolved by a motor. There are several different types; some with a 
single belt and others with two. Some are adapted for semi-matte or 
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matte prints, others for gloss prints. In the latter, the surface of the 
drum consists of polished chromium steel, and the prints are dried with 
the emulsion side in contact with the drum. 

In another type of dryer, used exclusively for glossy prints, heavy 
flat chromium plates are attached at each end to two continuous steel 
roller chains being mounted in such a way that there is a belt of 
squeegee plates moving continuously from one end of a table to another. 
At one end, two wringer rolls squeegee the prints. In this way the 
plates move along from one end of the table to the other. The prints 
are dried by a gas or electric heating unit below. Such prints as are 
not dried on reaching the end of the table are carried around by the 
continuously moving plates to the under side of the table where, when 
dry, they leave the plates and are collected by a print pan from which 
they are readily removed. 

A third type of drier is shown in Fig. 195. In this the prints are 
placed between linen faced blotters which, in turn, are placed between 
sheets of corrugated board. Warm air supplied by an electric heating 
unit is then blown through the openings in the corrugated boards by 
means of the electric fan shown at the left. 

In the use of such driers, care should be taken to avoid undue heat. 
There is a great temptation, especially in rush periods, to increase the 
drying temperature and the speed of the drier but this should be 
avoided as not only are the color and brilliancy of the print affected 
by rapid drying, but the edges buckle. With glossy prints, rapid dry- 
ing tends to produce a brittle print which cracks easily. If prints are 
well drained and freed of excess water before being placed on the 
belt, it is possible to use less heat and a slower speed. 

Rush Prints.——Where time is an important consideration prints 
may be made from the negative as soon as it has been fixed by covering 
the emulsion surface with a sheet of thin celluloid, cellophane, or 
Kodapak. The negative will not be damaged if it has been thoroughly 
hardened in a properly compounded acid fixing and hardening bath, 
unless, of course, it is allowed to become quite warm. 

The time required to dry prints may be reduced slightly by immers- 
ing the well-washed prints for about one minute, or until the paper 
assumes a transparent appearance, in methyl alcohol and then drying 
by heat. Less heat is required and the color of the image is not 
altered to the same extent as when drying is forced by the use of heat. 

For still more rapid drying, the alcohol adhering to the surfaces of 
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the print may be burned off. This, however, is not recommended ex- 
cept where speed is the primary consideration. 

Prints for Reproduction—The coarse half-tone screens (60-70 
lines per inch) necessary for newspaper reproduction destroy fine 


Fic. 195. Print Drier for Semi-matte and Matte Prints (Eastman Professional) 


detail and delicate gradations of tone. The picture, therefore, should 
be built up of distinct, clear-cut masses of light and shade. A light 
or medium tone background is better than a dark black one as black 
backgrounds are difficult to print on high speed newspaper presses. 
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Prints for newspaper reproduction should be a trifle lighter than would 
be regarded as correct for other purposes, because of the tendency in 
newspaper printing for the half-tone dots to “ fill in,’ which results 
in a reproduction darker than the original. 

The print should be black or blue-black. Prints with a greenish or 
olive-black color are no longer desired by the photo-engraver. It 
should be on glossy paper, squeegeed, and have at least 1% inch margin. 
A print larger than the reproduction is desirable but if enlarging is 
resorted to, the print must be critically sharp and clear. 

In printing upon coated papers finer line screens are used (80 to 
145 lines per inch) and the detail and gradation of tone in the 
original can be more accurately reproduced than in newspaper work. 

Prints for reproduction in publications using coated or calendared 
paper should have a full scale of gradation and not too much contrast. 
Contrast in the subject is desirable, but artificial contrast which is pro- 
duced photographically through over-development of the negative or 
the use of a hard paper is to be avoided. A print with chalky high- 
lights and dark shadows will in the ordinary course of events become 
still more contrasty when reproduced. 

In rotogravure and photogravure, the best results are secured from 
photographs with clean, brilliant highlights and good rich blacks. 
Since both processes tend to increase contrast, the original should be 
rather softer than that for half-tone reproduction. 

Reduction and Intensification of Prints—Generally speaking, 
the action of the various reducers is the same as with negative mate- 
rials.11_ The permanganate reducer acts nearly proportionally, while 
iodine cyanide is perhaps the best subtractive reducer because it is non- 
staining. For super-proportional reduction, persulphate alone appears 
suitable. In practically all cases it is necessary to use a diluted solu- 
tion to keep the process under control. 

For local reduction, iodine cyanide is especially suitable as it is non- 
staining and does not change the color of the image. The “waxy” 
appearance of the reduced area may be removed by washing the print 
for 5 to 10 minutes, fixing for 5 minutes and washing for 15 to 20 
minutes. 

Dry prints may be reduced with a spirit-soluble reducer composed 
of iodine and thiocarbamide in methyl alcohol? In addition, there 


11 Jones and Fawkes, Brit. J. Phot., 68 (1924), 275. 
12 Greenall, Brit. J. Phot., 73 (1926), 73, 383. 


SraupE—Reducers for Paper Images. Phot. Rund., 73 (1936), 429. 
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is no continuing action to result in over-reduction and no tendency of 
the reducer to spread over into portions where it is not wanted. Two 
stock solutions should be prepared : 


PA LOGIT Ctr gee tee, lari Rare ee PANT cna iinne Me Neaear aria 20 er 
iMethy alcohol Gres y stare nator iedcais car ceteris I oz. 
Shake now and then until dissolved 
B—ALNiIOCAT DAM Ae astan mere ter eR Ae si eons ee 40 gr. 
Water tosses sitice Sick ~ letra b A Efore SNe BIS eA I oz 


For use take equal parts of A and B. For areas requiring but little 
reduction, this may be diluted with an equal part of water. 

The dry print is pinned down by the corners to a board and the 
reducer applied to the area to be reduced with a water color brush of 
appropriate size just wet with the solution. In the other hand must 
be a larger brush or tuft of absorbent cotton charged with the methyl 
alcohol which is applied to the print immediately not waiting to see if 
reduction has gone far enough. The excess alcohol is next blotted off 
and the operation again repeated if the first has not been sufficient. 
As soon as reduction is complete, dip the print in hypo (without pre- 
vious washing) for a few minutes; then wash and dry as usual. 


CHAPTER XX 


PROJECTION PRINTING 


Introduction.—Projection printing, as its name indicates, differs 
from contact printing in that the image of the negative is formed on 
the sensitive paper by projection. A lens interposed between the il- 
luminated negative and the paper forms an image of the first on the 
second, the scale of this image depending upon the relation of the two 
conjugate distances, that is, the negative-lens distance and the lens- 
image distance. The greater the difference in the conjugate distances, 
or the total distance between negative and sensitive paper, the greater 
the scale or degree of enlargement. The scale, or degree, of enlarge- 
ment is always expressed as the linear relation between the negative 
and the projected image; thus, from 4 X 5 to 8 X 10 is two times and 
not four times enlargement. 

The apparatus employed for projection printing consists essentially 
of a negative illuminating unit, a camera, projecting lens, an easel or 
holder for the sensitive paper, and means of altering the distances 
between any of these without disturbing the parallelism of the negative 
and the sensitive paper or the relation of the optical axis of the lens 
to either of these two planes. 

Projection Printing Equipment—The introduction in 1921 of 
the Eastman Auto Focus Projection Printer may be. said to have 
ushered in a new era in equipment for projection printing. It was 
the first apparatus for projection printing with automatic focusing and 
vertical design to come into general use. The principal differences in 
this and in earlier equipment were: first, and foremost, the automatic 
focusing device, whereby the focus is altered automatically as the size 
of the enlargement is changed ; secondly, the fixed position of the light 
in relation to the negative for all degrees of enlargement; which 
avoids the necessity of adjusting the light for different sized enlarge- 
ments—an advance made possible by the abandonment of condensing 
lenses and the use of high power tungsten lamps in a reflector; and 
third, the vertical arrangement. 

Since the introduction of the Auto Focus Projection Printer, appa- 
ratus of this type has become quite general. While not as flexible as 
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the older instrument, the new more than makes up for this in conveni- 
ence and rapidity of working. 

Several projection printers have been designed in which the usual 
vertical arrangement is reversed, the illuminating unit and negative 
carrier being placed at the bottom, and the easel, in this case, usually 


Fic. 197. Graflex Enlargor Printer 


of glass, on top. A platen which controls either the electric circuit or 
a shutter enables projected prints to be made in the same manner as 
contact prints in the usual printing machines." 

Light Sources and the Illumination of the Negative.—Electrical 
sources have practically displaced all others; incandescent lamps are 


1As for example, the Enlargor printer of the Folmer Graflex Corporation 
(Rochester ). 


Nortinc—Automatic Focusing Devices. Trans. Soc. Mot. Pict. Eng., 
12 (1928), 1088-1092. 
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by far the most widely employed, although the electric arc and gaseous 
conductor sources of the mercury vapor type are still in use. 

Incandescent lamps are usually used singly in reflectors and with 
ground or opal glass to secure uniform illumination. This reflector 
is usually of the parabolic type, with a satin finish aluminum surface. 

In the case of a silvered mirror there is a bright spot in the center 
of the field which is the out-of-focus image of the light source. This 
is eliminated by sand blasting a spot in the center of the diffusing 
screen placed between the negative and the reflector. In the case of 
a reflector with a matt surface, the center spot is much more highly 
diffused and even illumination is obtained by means of a diffusing 
screen of sand blasted glass, heavily blasted in the center and gradually 
diminishing towards the margins or by using an opal glass bulb in 
conjunction with opal glass. 

Condensing lenses are used when it is necessary to utilize as much 
of the incident light as possible in order to reduce the exposure as when 
making large scale projected prints or when using the slower papers. 
The condensing lens system employed consists of two plano-convex 
lenses, slightly greater in diameter than the diagonal of the largest 
negative and with their convex sides facing one another. 


Fic. 198. The Function of the Condenser 


The function of the condensing lenses is to collect the diverging 
rays of light and condense these on the negative, bringing the light rays 
to a focus in the projecting lens. Thus in Fig. 198 the light rays from 
the source E strike the first condenser and are refracted so that they 
enter the second condensing lens parallel to one another. In this sec- 
ond condensing lens further refraction takes place, the rays being 
converted into a converging cone the apex of which (or the focus) lies 


Coustns—lIlluminating Factors in Enlarging. Brit. J. Phot., 64 (1917), 16. 
Canpy—Selection, Application and Manipulation of Condensing Lenses 
for Projection Printing. Amer. Phot., 17 (1923), 588. 
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at, or very near to, the principal nodal plane of the projecting lens, O. 
In this way the rays which in the absence of the condensing lenses 
would have continued on in straight lines and be lost are bent and made 
to pass through the lens, so that uniform illumination, together with 
a high intensity, is obtained. 

From this it is evident that when condensing lenses are used without 
a diffusing medium, such as ground or opal glass, to secure the maxi- 
mum intensity, together with uniform illumination of the negative, 
the light source must be located at such a point on the optical axis 
that its image, formed by the condensing lenses, is located at the 
principal nodal plane of the projecting lens. If we ignore the exact 
nodal planes, this means that the distances AB and CD (Fig. 199) 


“2B G--------D 


Fic. 199. Conjugate Foci in Enlarging 


are conjugate foci of the condenser, while the distances ED and 
DF are conjugate foci of the projecting lens. As the degree of en- 
largement is altered, the distances ED and DF will vary according to 
the laws of conjugate foci (See Chapter III). With every varia- 
tion in ED:DF there will be a corresponding variation in AB:CD, so 
that in order to keep the image of the light source in its proper place 
at the principal nodal plane of the projecting lens the distance AB 
must be varied each time the degree of enlargement is altered. 

As condensing lenses afford the most efficient method of utilizing 
the light from a point source, they are usually employed with arc lamps 
in which the light source is approximately a point. The electric arc, 
however, is less convenient than incandescent lamps and is now seldom 
used except for large scale work where the greater intensity is an 
advantage. 

Gaseous-conductor-tubes of the mercury vapor type are unlike the 
two preceding sources in that the area of the light source is much 
larger and very little heat is generated. Owing to the larger area of 
the light source the illumination is well diffused. The radiation 
emitted lies in a few bright spectrum lines and is weak visually but 
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active photographically. Since the projected image is not bright, it 
is at times somewhat difficult to focus sharply or to exercise control 
through local shading during the exposure. In some cases, a number 
of relatively low-power, incandescent lamps are used with the mercury 
vapor illumination to produce a brighter image. Ari M-shaped tube is 
generally supplied; with this, a single sheet of ground glass is usually 
sufficient to produce a uniform, well-diffused source of illumination. 
The best results are obtained with negatives of greater contrast than 
would be suitable for other light sources and with comparatively clear 
shadow areas. 

Negative Illumination and Print Quality—Adequate diffusion 
of the illumination on the negative is a very important factor in the 
production of prints of good quality. The diffuseness of the illumina- 
tion on the negative affects (1) the contrast of the print obtained under 
given conditions, (2) the graininess of the image, and (3) the sharp- 
ness with which scratches and similar imperfections as well as retouch- 
ing and any handwork on the negative are brought out in the print. 

Consider the negative and condenser system illustrated in Fig. 200. 
Pencils of light proceed from the source S in straight lines to the con- 
denser where they are uniformly bent to new straight paths leading 
to the lens L. If, however, the negative is scratched some of the light 
will be deflected as shown in B of Fig. 200. The points on the nega- 
tive where this deflection occurs are projected as dark areas. Sup- 
pose, now we substitute for the condenser, supplying approximately 
parallel rays, a window of completely diffused illumination as in C 
of Fig. 200. Each point on the negative is now illuminated by light 
from an indefinite number of directions; hence though the rays b and 
d do not reach the lens, b’ and d’ which, if the film were not scratched, 
would pass through in straight lines to be adsorbed in the bellows, 
are bent to pass through the lens. It is obvious, therefore, that the 
more the light is diffused and the larger the area of the window, the 
better chance there is of rendering surface inequalities invisible.? 

Investigations by Tuttle indicate that the improvement as regards 
graininess and elimination of scratches and other surface effects is 
progressive with increasing diffusion up to a diffusion factor of ap- 


2 Hickman, “Enlargements from Cinema Negatives,” Brit. J. Phot., 74 (Feb- 
ruary 1927), 87. 


HickMAn—Display Enlargements from Single Frame Motion Pictures. 
Trans. Soc. Mot. Pict. Eng., 25 (1926), 49-57. 
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proximately 50 per cent beyond which the gain is very slight and the 
loss of light and the lower contrast of the image are of more conse- 
quence than the improvement in image quality. In general, as the 
scale of enlargement is increased the need for a high degree of dif- 
fusion in illumination increases.’ 


S 


A B 


Fic. 200, Illustrating Illumination of the Negative in Projection Printing 


A—Condensing lenses without diffusing medium and perfect negative 
B—Condensing lenses without diffusing medium and scratched negative 
C—Diffused illumination 


Lenses for Projection Printing —Lenses for projection printing 
should be well corrected for spherical and chromatic aberration and 


3 Tuttle, C., “ Negative Illumination in Projection Printing,” J. Optical So- 
ciety of America, 1934 (October), 2709. 
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have an anastigmatic lens field. It is important, moreover, that these 
corrections be for a plane close to the lens. Generally lenses are cor- 
rected for an object distance which is relatively great as compared 
with the focal length of the lens. (Process lenses are an exception.) 
The lens used for projection printing, however, must be corrected for 
a short object distance, as the negative to lens distance and the lens 
to image distance are both short. 

Much of the better grade apparatus now on the market is fitted with 
lenses designed especially for projection, and projection anastigmats 
are available from several opticians but high grade anastigmatic lenses 
of medium aperture are usually adequate. In most cases, it is prefer- 
able to mount the lens so that the rays of light pass through it in the 
same direction as when used on a camera. 

Papers for Projection Printing.—Papers for projection printing 
may be divided broadly into three types: (1) bromide paper, (2) 
rapid chloride or projection paper, and (3) chloro-bromide papers. 
The speed is generally in the order named although there are naturally 
wide variations in different papers. On the whole, the rapid chloride 
papers are several times slower than the average bromide paper and 
the chloro-bromide paper is slower still. All three types are made in 
a number of different grades, contrasts, and surfaces, to fit different 
negatives and different requirements. Properly developed, either 
bromide or rapid chloride papers will produce prints with a good rich 
black, but for tones suggesting a certain amount of warmth, the last 
mentioned are preferable. Chloro-bromide papers should be used 
where warm toned prints are desired. 

So far as a choice between projection and bromide paper is con- 
cerned this depends most often upon the time of exposure. If the 
illumination, the negative, or the degree of enlargment is such that a 
comparatively long exposure is required with projection paper, then 
the use of a bromide paper is advisable on account of its higher speed. 
Relatively short exposures are desirable for a number of reasons: (1) 
time is saved and also electric current; (2) there is less danger of the 
negative becoming heated ; (3) better gradation is secured with reason- 
ably short than with long exposures. The failure of the reciprocity 
law is quite marked with printing papers, especially for low intensities, 
so that with weak illumination it is impossible to secure the same re- 
sults by prolonging the exposure that would be obtained with a more 
intense illumination and a shorter exposure. A light source sufficiently 
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intense for reasonably short exposures is necessary for good rich 
quality in projected prints. 

Bromide papers and some projection papers require longer develop- 
ment than contact papers. The average time for development for the 
different papers is from 114 to 2/2 minutes. Full development 1s 
necessary if the best gradation is to be obtained. The time of devel- 
opment and the developer should be that recommended by the manu- 
facturer of the paper. The use of a fresh developer with the proper 
amount of bromide is also an important factor in obtaining good tones 
and gradation. 

The Negative for Enlarging—Negatives for enlarging should 
be free from scratches, pinholes, and other physical defects. Very 
thin and soft negatives are not necessary for enlarging; this being a 
heritage from the days when light sources were much less intense 
than those in general use today. Negatives without undue density in 
the shadow portions are desirable, however, for the photographic 
negative acts as a scattering medium and the scatter of light in the 
shadow portions of the negative is a serious obstacle to a good, rich 
black. Negatives for projection printing should have rather less con- 
trast than if intended for contact printing, since the tendency in enlarg- 
ing is to increase contrast.* 

The graininess of the negative is a very important factor. Where 
possible, therefore, fine-grain negative material and suitable processing 
techniques should be employed. In enlarging from small film nega- 
tives, the granularity of the image and defects due to minute scratches 
and abrasions of the film base can be reduced by immersing the film 
during exposure in a liquid of approximately the same refractive index 
as the film base. Suitable liquids for this purpose are glycerine or 
toluol. A small quantity of either of these is poured on a piece of 
clear glass and the negative laid down on the layer of liquid so that 
no air bells are formed. More glycerine or toluol is then poured on 
top of the negative and this covered with a sheet of glass; both sides 
of the film are thus covered with the liquid. In this condition the 
negative is inserted in the enlarger and the exposure made. After the 
enlargement has been made, the film is washed for 15 minutes and 
dried.® 

The larger the degree of enlargement the smaller is the permissible 
circle of confusion in the negative. If it is assumed that the smallest 


4 Callier, Phot. Jl., 49 (1909), 200. 
5 Hickman, Brit. J. Phot., 74 (1927), 87. 
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permissible circle of confusion is 1/100 of an inch in the enlargement 
then the permissible circle of confusion in the negative will be 1/100 
inch times the degree of enlargement. Thus, for a six times enlarge- 
ment the permissible circle of confusion would be 1/600 of an inch. 
For pictorial work, it is, of course, possible in many cases to have a 
circle of confusion in the enlargement greater than 1/100 of an inch. 
In most commercial work it is doubtful if this limit may be safely 
exceeded, except in posters, photo-murals, and other prints normally 
viewed from a distance. 

The greater the degree of enlargement then the greater the neces- 
sity for well-corrected camera lenses, accurate focus, and precision 
camera construction which will allow the definition of the lens to be 
utilized to the fullest advantage. 

Adjusting the Light Source for Even Illumination.—Negatives 
on glass plates may be placed directly in the negative carrier. The 


Fic. 201. Wet Film Negative Carrier for Enlarger (Eastman) 


usual practice is to place film negatives between two pieces of glass 
which must be free from flaws and perfectly clean. The special wet 
film holder supplied by the Eastman Kodak Company for the Auto- 
focus enlarger and the Eastman Processing frame provide a means of 
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holding the negative in the carrier without necessitating the use of 
glass on either side. All of the light except that coming through the 
negative should be masked out. A number of projection printers have 
adjustable masks, or removable masks of metal; colored celluloid or 
opaque black paper may also be used. 

When incandescent tungsten lamps are employed in reflectors, it is 
usually necessary to adjust the position of the lamp so as to uniformly 
illuminate the negative. Once this adjustment is made, it does not 
need to be altered when the degree of enlargement is changed. 

With condensing lenses the position of the light must be altered 
when the scale of enlargement is changed. The negative should first 
be inserted on the carrier and focused roughly to size. The carrier 
should then be removed and the illuminated circle examined. If the 
field appears darker in the center, the light source is too far from the 
condensers and should be moved closer; if the outer margins are 
uniformly darker than the center, the light source is too close and 
should be moved away from the condensing lenses. Colored, or dark, 
crescent-shaped areas on one side are due to the light source being to 
one side of the optical axis. 

When the light source has been adjusted to produce a uniformly 
illuminated field, the negative carrier is re-inserted, the image focused 
sharply, and the exposure made. 

Focusing.—Focusing presents no difficulty with an automatic 
focusing projection printer; the lamp-house is simply moved up or 
down to regulate the size of the image which remains sharp in all 
positions. 

With equipment focused by hand, there are a number of ways of 
obtaining sharp focus. The negative may be inserted in the carrier 
and the image focused roughly to ascertain the proper size. Then 
insert an old negative which has been scratched with a sharp pointed 
instrument in the carrier and focus sharply. In some projection 
printers, a focusing object, consisting of two cross lines on a glass 
plate, is fixed on the negative carrier. If projected prints are regu- 
larly made to certain degrees of enlargement, it is a very simple matter 
to attach to the instrument a scale which will avoid focusing.® 

Microscopic devices for examining the projected image to deter- 
mining the position of sharp focus are available commercially. 

Exposing.—The exposure may be made (1) by turning the light 


6A simple method of constructing such a scale has been outlined by Lockett, 
Brit. J. Phot., 71 (1924), 171. 
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on and off, or (2) by means of a cap or shutter. The first method is 
practical only in the case of incandescent electric lamps; because 
gaseous conductor tubes require several minutes in which to reach full 
intensity, with these, as with the electric arc, the exposure must be 
made with a shutter of some kind. A lens cap fitted with a safelight 
screen, or a simple flap shutter, is a decided convenience in placing the 
paper in position or in arranging for shading or other controls in 
printing. 

Methods of determining the proper exposure from measurements of 
the brightness of the projected image, or the transmission of the nega- 
tive, have been published, and apparatus for making such measure- 
ments is available commercially. 

Extensive experiments on this problem as applied to the exposing 
of motion picture negatives have been made by Tuttle, who found that 
the best results are obtained when the exposure is based on the mean 
of the maximum and minimum transmission of the image. Exposures 
based upon total transmission are satisfactory in many cases, but are 
subject to error when the object of principal interest is comparatively 
small and is surrounded by a background of much lower or higher 
density.” 

Usually, as in contact printing, the proper exposure is found by trial 
and error, using test strips. At times, it is difficult to determine the 
best exposure from a test strip as the same part of the subject is not 
included in the different exposures. In such cases, a method suggested 
originally by Mente may be found useful. An opening is cut in a sheet 


7 Tuttle, C., “On the Assignment of Printing Exposures by Measurement of 
Negative Characteristics,” J. Soc. Mot. Pict. Eng., 10 (1932), 172. 


ApamMson—An Exposure System for Enlarging. Brit. J. Phot., 73 (1926), 
475-477. 

Dunn—Practical Method of Estimating Printing Exposures and Contrast 
by Densitometer. Brit. J. Phot., 84 (1937), 37. 

HeEnpErson—Finding Exposures in Bromide Enlarging. Brit. J. Phot., 
62 (1915), 448. ; 

Jacoss—Exposure in Artificial Light Enlarging. Amer. Phot., 15 (1921), 
490. 

Kinc—Calculation of Exposures in Enlarging. Brit. J. Phot., 53 (1906), 
188. 

Locxett—The Calculation of Exposures in Daylight Enlarging. Brit. J. 
Phot., 52 (1905), 845. 

SELLors—Method of Calculating Exposures in Enlarging. Brit. J. Phot., 
70 (1923), 349. 
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of opaque cardboard, which is placed on the easel in such a way that 
the opening is over an important part of the picture. One side of the 
cardboard is attached to the easel with adhesive tape. A test strip is 
then placed beneath the cardboard and moved between exposures in 
order to obtain a series of exposures of the same part of the subject 
on the one strip. 

The time of exposure is the same, under the same conditions, for a 
contact print as for an enlargement, if the contact print is exposed in 
the same plane as the projected image and with the equipment set for 
the required degree of enlargement. Consequently, if the apparatus 
is set for an enlargement, the time of exposure may be found by 
placing the negative on the easel and making test exposures. The 
exposure producing a satisfactory contact print will be correct for the 
projected print, if the same paper is used. 

Relative Exposure, Scale and Aperture in Enlarging or Reduc- 
ing.— When the best exposure has been found for a given negative 
at a certain size of enlargement, the time of exposure at any other 
degree of enlargement or reduction is easily found, provided conden- 
sers are not used. Perhaps the most convenient method of making 
such calculations is by the charts described by Capt. S. M. Collins.® 
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In the general problem of exposure there are three factors which may 
all vary; these are: the size of the picture, the aperture of the lens, 
and the duration of the exposure. Any two being known, the other 
can be found. The following scales provide a means of making these 
calculations. From Chart I is read the alteration in the f: ntimber 


8 A. Lockett; Brit. J. Phot., 77 (1930), 743. 
9 Brit. J. Phot., 70 (1923), 31. 
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required when varying the size of reproduction to obtain the same 
exposure. In Chart II, C and D show the mutual relation of size 
and exposure if the same f: number is retained, and scales E and D 
connect the f: number and the exposure when it is necessary to change 
either without varying the size. 

To find the proper diaphragm when it is desired to alter the size 
of reproduction, but not the exposure, using Chart I, run the edge of 
a ruler from the size of the image to the aperture used. Mark the 
position at which the ruler cuts the index line. From this position run 
the ruler to the new size of reproduction. The other end of the ruler 
cuts the aperture scale at the proper aperture to employ. 

To determine the time of exposure with the same aperture for an- 
other degree of reproduction scales C and D of Chart II are used. 
The straight edge is applied to the scales to cut scale C at the size of 
image for which the proper exposure is known and scale D at the 
time of exposure. Mark on the index line the point of intersection 
as before and join this point to the corresponding size of image on 
scale C. The other end of the ruler will then cut the scale D at the 
proper time of exposure for the new size of reproduction. 

The aperture required for any given exposure when that for a par- 
ticular is known may be calculated from scales D and E. With 
the edge of a ruler join the aperture on scale E with the corresponding 
exposure on D. From the point of intersection with the index line, 
transfer the ruler so that it passes through the exposure required on 
scale D, Then the other end cuts scale E at the proper aperture to use. 

Introducing Clouds in Enlargements.—In the case of landscape 
negatives with a bald-headed sky, it is often possible to improve the 
pictorial effect considerably by printing in clouds from another nega- 
tive. While there are several ways of doing this, the method to be 
described is as satisfactory as any and is perhaps the most generally 
useful. The image of the landscape negative is first focused on a 
sheet of thin cardboard placed on the easel. On this sheet of card- 
board the outline of the skyline is traced with a soft pencil. The card- 
board is now removed and cut along the pencil line. The upper piece 
will serve to mask the sky portion while making the exposure for the 
landscape; the lower portion, masks the landscape while the cloud is 
being printed. 

This much done, the bromide paper is placed in position and the 
proper exposure given for the landscape portion, masking the sky por- 
tion by the sheet of cardboard. It is not often that the sky portion 
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requires any masking, but when it does the appropriate mask is held 
close in front of the bromide paper and kept in slight up-and-down 
movement with the cut-out outline in close register with the image. 
Now the orange cap is replaced on the lens and trace the outline of 
the sky lightly on the bromide paper with a soft lead pencil. Then, 
without moving the paper, the landscape negative is replaced with the 
cloud negative and adjust the latter so as to secure the clouds in the 
desired position. Next the other mask is brought in in such a position 
as to cover the landscape portion and make the exposure for the clouds, 
keeping the mask moving up and down as before. 

If the proper times of exposure for the two negatives have been 
accurately determined by exposing pairs of test strips and developing 
the two together for the same time, this procedure should result in a 
satisfactory effect. 

Of the aesthetic factors in the combination of landscape and sky 
from separate negatives, it is not within the province of this work to 
speak. The worker’s sense of the aesthetic and his knowledge of 
nature must ever be on guard in combination printing in order that 
the result be true to nature and satisfactory to the artistic sense. 

Control in Projection Printing—Much may be done to improve 
the print by judicious shading during the exposure. Shading may be 
utilized both for “ holding back,” i.e., making lighter, or for “ printing 
in,” ie., making darker. The methods employed are essentially the 
same, only the object is different. 

“Printing in” is accomplished by means of opaque cards with an 
opening of suitable size and shape held between the lens and the image. 
The nearer the card to the easel, the smaller the area covered and the 
sharper is the image. Hence for “ printing in” small areas where the 
light must be sharply confined, a small opening held near the image 
will be used. For printing in larger areas the same opening can be 
used and the card moved back unless it is necessary to shade closely 
to a line, in which case it is better to use a larger opening nearer the 
image. The shape of the opening varies with that of the area to 
be printed in if the entire area is to be uniformly printed in. Large 
areas, however, frequently necessitate local work requiring a smaller 
opening. 

The shape of the opening may be altered in many cases to conform 
with the subject by inserting one or more fingers in the opening in 
such a way as to make it the desired shape. 

Any portions of the image which require lightening may be held 
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back by shading, during a part of the exposure, with a piece of card- 
board or if small, a piece of cotton attached to a small wire. This 
should, of course, be kept in motion during the exposure. The sharper 
the edge of the area to be shaded, the nearer the card should be to the 
sensitive paper. 

Where an area with a definite edge is to be held back, or printed in, 
the surrounding area may be protected by a mask cut in a sheet of 
paper sufficiently opaque to prevent any material exposure of the sen- 
sitive paper beneath. If this mask is laid in contact with the paper the 
edge must be smoothly cut and follow the outlines of the area exactly. 
Since this is difficult, it is better to support the mask by a sheet of good 
quality glass, placed several inches above the sensitive paper, so that 
the shadow of the mask on the sensitive paper is slightly diffused. 
The mask may be prepared readily by placing a light yellow non- 
actinic paper on the glass, sketching in the area to be printed with a 
lead pencil, and then cutting it out with a sharp knife. 

Diffusion of the Image in Projection Printing—It should be 
noted at the start that the diffusion produced by the methods about to 
be described, while frequently an improvement, is quite different from 
that produced with soft-focus lenses, or other means of producing a 
diffused image in the making of the negative. Diffusion introduced in 
the making of an enlargement is more or less general for all parts of 
the image, while that introduced in the original negative varies with 
the different planes of the subject. Moreover, when diffusion is in- 
troduced in the negative, a light halo around the highlights of the sub- 
ject spreads into the adjacent shadow portions, producing an effect 
which corresponds more nearly to the visual impression than the re- 
verse effect, namely, a dark halo extending into the highlight areas, 
which is characteristic of the diffusion introduced in projection. 

There are several methods of diffusing the image in projection 
printing : 

1. The use of a soft-focus lens. The amount of diffusion is con- 
trolled by the diaphragm. 

2. Diffusion disks. Disks of ribbed glass, or perforated celluloid, 
for use over the lens are available commercially, usually in several 
series to produce different amounts of diffusion. The amount of dif- 
fusion may be varied still further by making a part of the exposure 
with the diffusion disk and the remainder without. 

Extra thin black chiffon or tulle placed in a cap over the lens pro- 
duces similar results, but the time of exposure is increased and the 
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contrast of the image reduced. White material reduces the contrast 
of the image to a greater degree than grey or black. One or more 
thicknesses may be used according to the degree of diffusion required. 

3. Diffusion screens placed near the sensitive paper. Screens of silk 
bolting-cloth placed in contact with, or an inch or so from, the sensitive 
paper are favored by many workers. The silk bolting cloth used for 
this purpose can be obtained from dealers in photographic supplies in 
a fine or medium mesh and must be kept free from creases. Wooden 
frames may be used for this purpose, or the cloth may be attached to 
a sheet of glass using adhesive tape along the edges. When placed in 
contact with, or very close to, the paper, the lines show, producing a 
screen effect. A general softening of both definition and contrast is 
obtained when the screen is placed a short distance from the paper. 
The degree of diffusion may be varied by altering the distance between 
the screen and the paper, or by making a part of the exposure without 
the screen. 

Enlarging from Wet Negatives.—It is a very common practice 
among press photographers to enlarge from wet negatives in order to 
save the time required for drying. The wet film, after it has been 
washed briefly, is sandwiched between glasses under water, the out- 
side of the glass, is cleaned with a dry, lintless cloth, and the enlarge- 
ment made. A special wet-film holder is supplied by the Eastman 
Kodak Company for use with the Eastman Auto-Focus Enlarger. 
For other types of enlargers the Eastman Processing frame may be 
used for the same purpose. This consists of two non-corrodible metal 
frames, each with one side turned over to act as a flange. The two 
fit tightly together with the film between held firmly along the full 
length of each of its four sides. This holder keeps the wet film flat 
without the use of glass on either side. If there is any danger of the 
wet film softening from the heat, it should be placed in a 5 per cent 
solution of formaldehyde for three or four minutes. 

Correction of Distortion in Projection Printing.—The converg- 
ence of parallel lines, produced, for example, when tilting the camera 
to include the whole of a building without adjusting the swing back to 
a vertical position, may be corrected in making a projection print by 
placing either the easel, or the negative carrier, or both if possible, at 
suitable angles to one another. Projection Printers with automatic 


Preer—Correction of Distortion Produced by Tilting Camera. Brit. J. 
Phot., 55 (1908), 694. 
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focusing or with lenses having only one diaphragm are not suitable 
for work of this kind as they do not permit the necessary adjustments 
to easel and negative carrier. In such cases, a new corrected negative 
may be made by copying a print from the original negative with the 
copy-board and swing ‘back of the camera tilted to render the lines 
parallel. 

Whether the correction is made in copying, or in projection print- 
ing, the procedure is as follows: With the negative and easel parallel 
to one another, adjust to size, and focus until the width of the middle 
line of the image is the size required. This distance of negative and 
easel is not to be altered. The middle line should also be on the optical 
axis so that swinging the easel, or the negative, will not throw it out 
of focus. ‘Tilt the negative slightly in the required direction and tilt 
the easel until the image is again in focus. If the lines still converge, 
tilt the negative a little more, and the easel to correspond. When the 
lines are parallel, fix the tilt of the negative and do not alter. If the 
building appears too low, use the rising front to move the lens to place 
the image on the distant portion of the easel. To decrease the ap- 
parent height of the building, use the rising front to move the image on 
the easel in the direction of the lens. 

This procedure may be used to alter the proportions of the image, 
as, for example, to increase the height of a building, trees, or a stand- 
ing figure. The tall elongated figures demanded for fashion illustra- 
tions may be produced in this way. Grotesque effects are produced if 
the process is carried to extremes; a small amount of distortion, how- 
ever, is not usually apparent and may at times increase the effectiveness 
of the picture. 


CHAPTER XXI 


TONING OF DEVELOPED SILVER IMAGES 


Introduction——The process by which the color of a print, or 
transparency, is changed through the replacement of the silver image 
with one consisting of a metallic compound or a dye is known as toning. 
Compounds of sulfur, iron, copper, lead, gold, uranium, tin, selenium 
vanadium and cobalt are used but the first mentioned is by far the 
most important. Dye toning processes are reserved almost exclusively 
for transparencies. Representative formulae and instructions for ton- 
ing with these substances will be given in this chapter; for additional 
information on toning, reference should be made to the bibliography. 

Sulphur Processes—The Print.—The color obtained upon ton- 
ing depends in part upon the process but more particularly upon the 
emulsion and the exposure and development of the black and white 
image. 

The smaller the average grain size of the developed image the 
warmer or more yellowish the color of the image after toning. Chloro- 
bromide and chloride papers tend to produce warmer tones than those 
coated with an emulsion of silver bromide. 

Although numerous statements to the contrary may be found in 
the literature, the particular developing agent employed has little effect 
on the color of the toned image. Development in solutions heavily 
restrained with a soluble bromide, however, result in warmer, i.e., more 
yellowish, colors, due to the finer grain of the reduced silver deposit. 

The time of development is, with any particular paper and develop- 
ing solution, a very important factor in determining the color of the 
toned image. Shortening the time of development results in warmer 
colors; lengthened development in colder, more purplish tones; the 
limit being reached upon development to finality. 


Less Greater 
warmer colors-——_|—_"lder colors 
With a given time, or degree of development, exposure is without 
effect on the color of the toned image and controls the depth or in- 
tensity only. 
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In practice, therefore, the color of the image with any particular 
paper and developer may be controlled within certain limits, by varia- 
tion (1) of the amount of soluble bromide in the developer and (2) 
the time of development. 

When developing for a fixed time, the developer should be renewed 
frequently or the accumulated bromides and restraining by-products 
of the reaction will affect the color of the image when toned. The 
variation in color due to differences in the composition of the developer 
and the time of development is more marked in the toned than in the 
black image. 

Prints intended for toning should be slightly darker than those to 
be left in their original state in order to allow for the reduction in 
depth which occurs in toning. 

Hypo-Alum Process of Sulfur Toning.—The hypo-alum toning 
bath is prepared by dissolving ordinary alum (potassium aluminum 
sulfate) in a hot solution of hypo. The chemical reactions taking 
place are not definitely known and depend largely upon the temperature 
of the bath. Probably the first reaction is the formation of sodium 
sulfate and aluminum hyposulfite, the last mentioned decomposing into 
aluminum sulfate and sulfuretted hydrogen which reacts with the 
sodium sulfate forming acid sodium sulfite and colloidal sulfur. 

The colloidal sulfur thus formed reacts with the metallic silver con- 
stituting the image to form a brownish deposit of silver sulfide :? 


2Ag+S=Ag,S. 


The reactions taking place in the toning in a solution of hypo and 
alum may be represented as follows: 


Ai,(SO,), + 3Na;S,0, = Al(S,0,), + 3Na,SO,, 
Al,(S,03)3 + 3H,0 = Al,(OH); + 350, Smee 
or 
Al, (SO,)s + 3H,0 = Al,(OH),; + 3H2SO,, 
- Na,S,O, + H,SO, = Na,SO, + SO,+ 58, 
and 
Ag, + S= Ag,S. 


1 Seyewetz, A., and Chicandard, Eder’s Jahrbuch, 10 (18096), 488. 
2 Sheppard, Photography as a Scientific Implement, 167. 


Nitze—Paper, Developer and Bleach in Sulphide Toning. Brit. J. Phot., 
79 (1932), 486-487. 
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A bath consisting of hypo and alum alone has a solvent action on 
finely divided silver causing the image to be bleached in the process of 
toning, hence the bath is first “ ripened” through the addition of silver 
either as silver nitrate or by toning waste prints. 

The following forms a satisfactory hypo-alum toning bath. 


@oldinwaterncceae aert are cree. < viene Relea oat go ounces 2800.0 cc. 
Sodium Thiosulphate (Hypo)....----+---- 16 ounces 480.0 grams 


Dissolve thoroughly, then add the following solution: 


Hot water (about 160° F.) (71° C.)..------ 20 ounces 640.0 cc. 
Potassium Alum (E. K. Co.)......---+--+++- 4 ounces 120.0 grams 


Then add the following solution (including precipitate) slowly to 
the above hypo-alum solution while stirring the latter rapidly.* 


(Coldwater ten eta era erg orem aston 2 ounces 64.0 cc. 
Silver Nitrate (Crystals) (E. K. Co.)....--- 60 grains 4.2 grams 
Sodium Chloride (Table salt) .......------ 60 grains 4.2 grams 
After combining above solutions, add water to 

iol isa hie? Oe ican ethene, (We eer DE 1 gallon 4.0 liters 


Note: The silver nitrate should be dissolved completely before add- 
ing the sodium chloride, and immediately afterwards the solution, in- 
cluding the milky white precipitate, should be added to the hypo-alum 
solution as directed. 

For use, pour into a tray standing in a water bath and heat the 
toning bath to 120° F. (49° C.). Never use the bath if the tem- 
perature is above 120° F. (49° C.) or blisters and stains will result. 
Prints will tone in 12 to 15 minutes depending upon the grade of paper. 
Toning should not be continued longer than 20 minutes at 120° FE. 
(49° C.). 

The formation of a black or gray precipitate in the bath in no way 
impairs the toning action of the bath if proper manipulation technic 
is used. 

Prints should be immersed thoroughly and separated occasionally, 
especially during the first few minutes, to insure even toning. The 
black prints should be a shade dark and developed from 14 to 2 min- 


8 The addition of ammonia, sodium phosphate or potassium iodide is sometimes 
recommended. Ammonia: Brit. J. Phot., 68 (1921), 773; 70 (1923), 570. So- 
dium phosphate: Brit. J. Phot. 51 (1904), 1022. Potassium iodide: Brit. J. 
Phot., 67 (1920), 437. 
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utes without forcing, to produce good sepia tones. After prints are 
toned, sponge off any sediment in warm water and wash for one hour— 
in running water. Dry prints should be soaked thoroughly in water 
before toning. 


The time required for toning may be reduced by placing the fixed 
and washed prints in a 10 per cent solution of sulfuric acid (com- 
mercial) for one minute and then transferring directly to the toning 
bath.t Toning then proceeds rapidly. 

The addition of gold chloride results in darker and colder (more 
purplish) colors. The toned image in this case consists of gold sul- 
fide and silver sulfide, the latter predominating. 

The following is a satisfactory formula for a hypo-alum-gold ton- 
ing bath: 


Solution No. I 


Warm water (about 125° F.) (52° C.)...... Tt gallon 4.0 liters 
Sodium Thiosulphate (Hypo)............. 2 pounds 960.0 grams 
Ammonium Persulphate....-.............. 4 ounces 120.0 grams 


Dissolve the hypo completely before adding the ammonium persul- 
phate. Stir the bath vigorously while adding the ammonium persul- 
phate. If the bath does not turn milky, increase the temperature 
until it does. * 

Prepare the following solution and add it, including precipitate, 
slowly to the hypo-persulphate solution while stirring the latter rapidly. 
The bath must be cool when these solutions are combined. 


GSldawatern anit oo euacuscels css eke ees 2 ounces 64.0 CC. 
Silver Nitrate (Crystals) (E. K. Co.)....... 75 grains 5.2 grams 
Sodium Chloride (Table salt) ............. 75 grains 5.2 grams 


Note: The silver nitrate should be dissolved completely before add- 
ing the sodium chloride. 
Stock Solution No. 2 


WV EO Renters aetd gat cr emetic cet toan eae, contebetTer suscets 8 ounces 250.0 cc. 
GoldseGnlonidet vena aoe Sel eka anes 15 grains 1.0 gram 


For use, add 4 ounces (125 cc.) of Solution No. 2 slowly to Solution 
No. 1 while stirring the latter rapidly. The bath should not be used 
until it has become cold and has formed a sediment. Then pour off 


4 Brit. J. Phot., 69 (1922), 126, 
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the clear liquid for use. Pour the clear solution into a tray standing 
in a water bath and heat to 110° F. (43° C.). The temperature, 
when toning, should be between 100° and 110° F. (38° and 43° C.). 
Dry prints should be soaked thoroughly in water before toning. 

Keep at hand a black-and-white print for comparison during toning. 
Prints should be separated at all times to insure even toning. When 
the desired tone is obtained, rinse the prints in cold water. After all 
have been toned, return them to the fixing bath for five minutes, then 
wash for one hour in running water. 

The bath should be revived at intervals by the addition of gold 
solution No. 2. The quantity to be added will depend upon the num- 
ber of prints toned and the time of toning. For example, when toning 
to a warm brown, add 1 dram (4 cc.) of gold solution after each fifty 
8 x Io-inch prints or their equivalent per gallon (4 liters) have been 
toned. Fresh solution may be added from time to time to keep the 
bath up to the proper volume. 

Sulphur Toning with Acid Hypo.—When an acid is added to a 
solution of hypo, the latter is decomposed, one of the products of the 
reaction being finely divided sulfur. This reacts with the metallic 
silver of the image to form silver sulfide. A number of toning proc- 
esses based upon this principle have been published. They are how- 
ever but little used. Toning is not completed within the bath itself 
but only after washing for thirty minutes to one hour to allow suf- 
ficient time for the colloidal sulfur to react with the silver image.® 

Sulphur Toning with the Polysulfides—A cheap and simple 
method of sulfur toning and one which produces acceptable results 
on many emulsions consists in the use of a polysulfide, or the inexpen- 
sive liver of sulfur, a mixture of potassium sulfide and potassium sul- 
fate which usually contains impurities in the form of potassium car- 
bonate and potassium hyposulfite. 

The action of the polysulfide on finely divided metallic silver is 
probably as follows: 7 

S+H,0>H,S+0, 
Ag, + — Ag,O, 
Ag,O + H,S > Ag,S + H,O. 

5 Lumiére, A. and L. and Seyewetz, A., Brit. J. Phot., 59 (1912), 972. Soar, 
H., Brit. J. Phot., 60 (1913), 156, 185. Hoell, G. S., Eastman Research Labora- 
tory, Brit. J. Phot., 69 (1922), 73. Meuser, Phot. Ind., 1916, 19; Eder’s Jahr- 
buch, 1915, 29, 408. 

® Rawling, Phot. Jl., 62 (1922), 3. 

7Lumiére, A, and L, and Seyewetz, A., Brit. J. Phot., 70 (1923), 733. 
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Using liver of sulfur the following formula is satisfactory: 


iv ctrOnestiliUlinn os hin ttle- ies heart kent V4 oz 125 gm 
ELV OMe ape ears 7 incon, Sate ae et Vs oz. 25 gm. 
Water ncOmne er etn tins noe nc ee 20) OZ4 1000 cc. 


Use at a temperature from 80 to 90° F. (27-32° C.). Toning re- 
quires from ten to fifteen minutes but the final color becomes apparent 
only upon washing for several minutes. 

Since the actual toning agent is the polysulfide contained in the liver 
of sulfur it is plain that this may be used. It may be prepared by dis- 
solving pure sulfur in commercial ammonium sulfide until a saturated 
solution is produced and then withdrawing the clear solution for use. 
For toning, from ten to fifteen drops are added to ten ounces of water 
(2 cc. to 1000 cc.) and heated to a temperature of 85 to go° F. 
(30-32° C.). Toning proceeds rapidly and is usually complete in 
10-15 minutes.® 

The addition of 2 per cent of potassium sulfocyanide increases the 
rate of toning but has little effect on the color, which however tends 
to purple.® 

Direct Sulfiding Baths Employing an Oxidizing Agent.—Proc- 
esses of this type depend upon the use of an oxidizing agent which 
convert the silver image into a salt which is immediately attacked by 
the sulfiding agent and converted into silver sulfides. 

A number of agents have been employed for this purpose, among 
them ammonium sulfocyanide,’? potassium ferricyanide alone and in 
conjunction with potassium bromide * and nitrobenzene.*” 

The following formula utilizing ammonium sulfocyanide produces 
on many papers a tone similar to that obtained by gold toning of print- 
out papers: 


A. Ammonium sulfocyanide............ SIOZ. 455 gm. 
WW abelelOt wr tice at ra camry te main oF 16 Zz. 1000 cc. 

15%, Starchisoooreubhavelor, on or on oe ae oreo n con 8 2% o7. 152 gm. 
WiatenetOir aanve rms Stee akeea eurortesie 16> 02. 1000 cc. 


8 Underberg, E., Brit. J. Phot., 71 (1924), 50. 

9 Bullock, E. R., Brit. J. Phot., 68 (1921), 450. 

10 Punnett, Brit. J. Phot., 56 (1909), 571. Potassium persulfate. Kropf, Brit. 
J. Phot., 57 (1910), 837. 

11 Triepel, Brit. J. Phot., 58 (1911), 657. Mente, Jahrbuch, 26 (1912), 507. 
Blake-Smith, Brit. J. Phot., 57 (1910), 520. 

12 Shaw, Brit. J. Phot., 70 (1923), 267, 591. 
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The toning solution is prepared by mixing directly before use 


SA ae ect ee iat: Steps ae 8 parts 
Waters mintes Mic oat Mes iue Oa aaa 24 parts 
TERRE eh Oath ty Ta Peaches oii ae I part 


Toning requires from 15-40 minutes at a temperature of 70° to 
80° F. (21-27° C.) or 5-15 minutes at go-100° F. (33-38° C.). A 
higher temperature is not advisable owing to the action of the sulfocy- 
anide on the gelatin. 

Using nitrobenzene a suitable formula By" 


Barium sulfide (saturated solution)...........------+e+eeeererrretes 15 parts 
Sodium meta-nitrobenzene sulfonate (10% solution)..........--------- I part 
Prints immersed in this solution tone to a good sepia within 3-5 
minutes at a temperature of 60° F. (16° C.). The color varies 
greatly, however, with the paper. 
The reaction taking place, according to Sheppard,** is as follows: 


C,H;NO, + 4Ag + 2NaSH = C,H,-NH. 
ONa + NaOH + 2Ag.S. 


Indirect Processes of Sulfur Toning.—In the indirect process 
of sulfur toning the fixed and washed prints are first bleached in a 
solution of an oxidizing agent which converts the silver of the image 
into a compound which is capable of being converted into silver sulfide 
when the print is placed in a suitable sulfiding bath. 

The color obtained with the indirect method of sulfur toning tends 
to be more yellowish than that produced by the direct processes which 
are on this account the more generally suitable for chloride papers. 
The indirect process, however, is especially well adapted to bromide 
papers which in many cases tend to produce a cold and rather purplish 
color when toned in the hypo-alum bath or by one of the other proc- 
esses of direct sulfur toning. As with the other processes the color 


13 Shaw, Brit. J. Phot., 70 (1923), 750. 
14 Brit, J. Phot., 70 (1923), 679. 


Backstrom AND BostroM—The Influence of the Bleaching Bath on the 
Colour Obtained in the Indirect Sulphide-Toning Process. Phot. J., 
76 (1936), 607. 

JELLEY—A Cause of Yellowness in Sepia Toning. Phot. J., 72 (1932), 
480-485. 

Morris—Stains in Sulphide Toning. Brit. J. Phot., 80 (1933), 127. 

WircLtes—Methods of Sulphite Toning. Brit. J. Phot., 76 (1929), 344- 
346, 363-365, 375-377: 
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obtained depends primarily upon the paper and exposure and develop- 
ment of the print rather than on toning, although certain changes in 
the procedure (to be noticed later) do influence the final color. 

Prints for toning by the indirect process should be thoroughly fixed 
and washed. Incomplete fixation results in discoloration of the whites 
from the conversion of the silver salts left in the print into silver 
sulfide.*® 

Thorough washing is essential sirice traces of hypo remaining in the 
print combine with the oxidizing agents used in the bleacher forming 
a reducer. 

The commonest bleaching solution consists of potassium ferricyanide 
and potassium bromide; however, many other oxidizing agents may 
be used namely potassium or ammonium bichromate,!® chromic acid, 
potassium permanganate,‘*7 ammonium persulfate, hypochlorite, and 
quinone.*® 

The reactions which take place in the case of a bleaching bath com- 
posed of potassium ferricyanide and bromide are probably as follows: 


Bleaching 
(1) 4Ag + 4K,Fe(CN), = 3K,Fe(CN), + Ag:Fe(CN)., 
(2) Ag,Fe(CN), + 6+ 4KBr=K,Fe(CN), + 4AgBr. 
Sulfiding 
2AgBr-+ Na,S = Ag,S + 2NaBr.’® 


Slight, but relatively unimportant, differences in the color of the 
toned image result from variations in the composition of the bleaching 
solution.?® Practically, bleaching solutions containing a bichromate 
are less desirable than one of ferricyanide and bromide because the 
first is less readily washed out of the paper while the second stains 
badly necessitating a clearing bath. A solution of 40 grams of potas- 
sium ferricyanide to a liter of water results in a more yellowish color 
than when the bleaching solution contains bromide. With a ratio of 
3:1 for the ferricyanide and bromide, increasing the concentration 
of the former above 3 per cent tends to yellowness. The substitution 
of a chloride for bromide also results in more yellowish colors. Sub- 


15 Lumiére and Seyewetz, Brit. J. Phot., 70 (1923), 732. 

16 Brit. J. Phot., 56 (1909), 233; 64 (1917), 173. 

17 Brit. J. Phot., 63 (1916), 659; 62 (19015), 353. 

18 Lumiére and Seyewetz, Bull. Soc. franc. Phot., 62 (1920), 267. 

19 Carnegie, Brit. J. Phot., 53 (1906), 219, 947. Jelley, Phot. Jl., 2 (1932), 
480. 

20 Bullock, Brit. J. Phot., 68 (1921), 447. 
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stituting 0.1 per cent of potassium sulfocyanide for the bromide results, 
with some papers, in a purplish color and slight reduction of the 
image.”* 


The following is a suitable formula for the bleaching solution : 


Ammonium bromide......-..--++--+++-- 85 gr. II g. 
or Potassium bromide.......-.----+++--++-> 98 gr. 13 g. 

Potassium ferricyanide........-..------- 270 gr. 35 g.- 

Water Contmake acter, alco oo ef se oes el 16 oz. 1000 cc. 


The addition of sodium carbonate avoids yellowish colors. 


Potassium bromidé......---:.------ 65.6 gr. 15 gm. 
Potassium ferricyanide............- 153-0 gf. 35 gm. 
Sodium carbonate (des.)......------ 32.8 gr. 7.5 gm. 
Wrateritornta een. ans aera: aera 10.0 Ozs. 1000 cc. 


Sulfiding —Sodium sulfide is generally used for this purpose al- 
though sulfur, other sulfur compounds may be used namely the cor- 
responding barium and ammonium sulfides,** sodium sulfantiomoniate 
(Na,SbS,°9H,O),”* sulphoxyphosphates such as Na,SPO,,™ sodium 
sulphoxalate formaldehyde, NaHSO,:-CH,O-2H,O,” and thiomolyb- 
dates, thiotungstates, thiostannates and similar thio compounds.”® 

Only pure sodium sulfide should be used and it should be fresh as 
it oxidized readily forming caustic soda and hypo. The weakening of 
the sulfiding bath resulting from the use of impure sodium sulfide, an 
oxidized solution, or the presence of hypo results in yellowish tones. 
The caustic soda leads to softening of the gelatin and is a source of 
blisters. This may be avoided by the addition of an acid. 

The odor of the barium salt is less objectionable than that of sodium 
sulfide, but insoluble carbonates and sulfates of barium are precipitated 
in the gelatin unless distilled water is used. The use of sodium sul- 
fantimoniate (Schlippe’s salt) results in an image consisting probably 
of some antimony sulfide as well as silver sulfide and colors ranging 
from an orange-red to much colder colors by the addition of ammonia.” 


SOdtumnes Wl che te tanctoctiere se eetaetc ot om eee Tg: 8 ger. 
Hydrochilonc acide. jostac <meta erate rect ty. 8 er. 
Wa teritome ctacas oman ck tro ck eer ene ye 1000 cc. 16 oz. 


21 Bullock, Brit. J. Phot., 68 (1921), 447. 

22 Namias, Brit. J. Phot., 58 (1911), 324. Brit. J. Phot., 54 (1907), 523. 
23 Blake-Smith, Phot., 12 (1904), 30. 

24 Lumiére, F.P. 507,332: S. & I. P., Series I, I (1921), 4. 

25 Miller, Phot. Ind., 1925, p. 1064. 

26 Smith, Phot. Jl., 48 (1908), 267. 

27 Sedlaczek, Brit. J. Phot., 53 (1906), 624, 645. 
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A tendency towards yellowish brown tones noticeable on certain pa- 
pers (warm tone) may be avoided by placing the bleached and well 
washed prints for 15-20 seconds in a 1 per cent solution of sodium 
carbonate, rinsing and then sulfiding.?* 29 

Another method, involving partial redevelopment of the image com- 
bined with sulfiding, consists in the use of a pyrocatechin developer 
with the addition of sodium sulphantimoniate (Na,SbS,:9H,O). The 
bleached and well washed prints are redeveloped in: 


Ae by tocatechins was —strrns atti otis ee 155 er. 20 g. 
Soditimesulftes(des) se erase eer tae: 385 gr. 50 g. 
Water to make wporgerencyes eee ces 16 oz. 1000 cc. 

B. Sodium carbonate (des.).............. 650 gr. 85 gr. 
Waterstosmakes ster cece 16 oz. 1000 cc. 


For use take 1 part A to 2 parts of B and add from 2-5 per cent 
of a Io per cent solution of sodium sulphantimoniate. The color of 
the image may be regulated by varying the amount of sulphantimoniate 
in the redeveloper. Colors from red-chalk to a good sepia are ob- 
tainable on most papers.®° 

Gold Toning of Sulfided Prints—Red colored images may be 
obtained by gold toning of the sulfide toned print. The gold toning 
bath is prepared as follows: ** 


PALE Gold ChlOride sma tan cisetete cece er re 10 gr I gm 
Water toumaketa.. cach une epeciaer 6 oz 300 cc 

Ba niocarbamide@ senor acne ce ave aceteens 15 gr 1.6 gm 
Waterstone kes anteiin gion cece aes 6 Oz. BOOM CG: 

CAGE Acide mae + nye ewes 65 gr. 7.5 7m. 
NWAter toma es. nsrs a taseva re eee 6 OZ. 300 cc. 


For use take: 


A ay oss fRNe SACRE ee SA ee es uP Gee I part 
WAGER oy cxsecicon nce Nereida cuentas 3 parts 
HES IR AION ets Plone fhe ates EA sis el a Tee: 
IWHACET eae ac Rc teencers Seat sn tiers eetoye 3 parts 
CAE AN css Ce a ceta Raden dee isis re 
WWE TRS cece Oe nate OI eet tlo “cicie: aac 


Finally mix the three solutions. 
The sulfided and washed prints are placed in this bath and kept 


28 Jelley, Phot. Jl., 72 (1932), 480. 

29 Bullock, Brit. J. Phot., 68 (1921), 447. 
30 Valenta, Phot. Korr., 49 (1912), 279. 
81 Wiegleb, Brit. J. Phot., 76 (1920), 377. 
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in motion to prevent uneven action. Toning requires from 15-25 
minutes depending upon the paper and the color desired. The brown 
color of the sulfur toned print first assumes a reddish color and 
gradually approaches a pure red. 

After toning the prints are washed for 2-3 minutes and fixed for 
5 minutes in a fresh acid fixing bath, then well washed and dried.*? 

The gold toned image appears to consist of a double sulfide of silver 
and gold.** 

Reduction of Sulfide Toned Images.*#—lIf the print is too dark 
after toning it may be reduced by placing it for a few seconds in 


Gupric bronideseae eee eee ee 220 (2k 30 gm. 
Sodium chloride (salt)............---- 4% oz. 250 gm. 
Wiatertortiva kenntmrcsesn estas ie ete 16 oz. 1000 cc. 


Toning with Stannous (Tin) Salts.—Processes of toning em- 
ploying tin salts are of greater interest theoretically than practically. 
Unlike other toning processes in which the silver of the image is re- 
placed or converted into a chemical compound, in the case of tin salts 
an adsorption compound of colloid silver is formed. 

If stannous chloride is employed the following reaction may be re- 
garded as taking place.*° 


Sn + 40H = SnO, + H,O, 
2Ag + SnO, = 2Ag + SnQ,. 


The prints are first bleached in a solution of ferricyanide and bro- 
mide, or copper chloride. The bleaching formula for sulfide toning 
(p. 442) is suitable. 

The prints are then washed thoroughly and placed in a solution of 
sodium stannite prepared as follows: °° 


Stannous:chloridesd <u. .cs suo coke CORD Ie omnes tS 10 gm. 
ANNES cr ROIs oto, BO. cee eI cee oS Me TODS Cac 100 cc. 


To this add with constant shaking 70 cc. of a 10 per cent solution 


82 With developed silver images the above gold toning bath produces a blue- 
black deposit. Gold toning may be beneficial in such cases if the original print 
is slightly muddy or greenish in color. 

38 Lumiére and Seyewetz, Brit. J. Phot., 70 (1923), 331. 

34 Smith, Phot. Jl., 47 (1907), 281. 

85 Formstecher, Brit. J. Phot., 68 (1921), 759. 

86 Formstecher, Brit. J. Phot., 68 (1921), 759. 
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of caustic soda until the precipitate first formed is redissolved. Finally 


add 


This results in a purplish black color on bromide prints and a sepia- 
brown with chloride developing papers. Warmer colors may be ob- 
tained by using potassium stannite which is prepared in a similar 
manner using, however, 100 cc. of a 10 per cent solution of potassium 
hydroxide and 50 cc. of water to each 100 cc. of a 10 per cent solution 
of stannous chloride.*? 

Toning with Hydrosulfite—Pleasing warm brown, purple 
brown and sepia tones are obtainable on many papers with an acid 
solution of sodium hydrosulfite. The formula follows: 


Sodium hydrosulfite (Na»S204)........ 56.0 gr. 2 gm. 
Oxalic-acida(5972s0l0) iy ner eeaeioe Poza sidte 25 cc. 
NViaten:tOnmaer mn teeth yee ene 10.0 Oz. 150 CC. 


Toning requires from 20-40 minutes at a temperature of 65°. The 
odor produced by the decomposition of the hydrosulfite is decidedly 
unpleasant. 

Toning Processes Employing Selenium.—Selenium is similar 
chemically to sulfur and both the alkali selenides and the acid com- 
pounds have been employed for toning alone and in combination with 
hydrosulfite.** 

The following is one of the many formulas which have been 
patented : *° 


Sodium sulfide (20% sol.)...........-4- IO OZ. BOOM CC: 
Red amorphous selenium.............. 4.5 gr. 0.5 gm. 


The selenium is added to the solution of sodium sulphide, stirred 
briskly, and left to stand for several hours at room temperature. The 
filtered solution produces purple brown and reddish brown colors de- 
pending upon the character of the paper. 

37 References on toning with tin. Gamble & Woolley, Brit. J. Phot., 60 (1913), 
978. Formstecher, Brit. J. Phot., 68 (1921), 759. Druce, Brit. J. Phot., 69 


(1922), 433. 

38 For a comprehensive survey of the subject see: Sedlaczek, Brit. J. Phot., 5 
(1928) ; 76 (1929), 6. 

39 G, P. 301,019 by Mimosa, A. G. 


ForMSTECHER—History and Theory of Selenium Toning. Phot. Ind., 34 


(1936), 1014. 
MiLBAavER—Selenium Toning. Phot. Korr., 65 (1929), 10-12, 45-47. 
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Mercury-Sulfide Toning.—The addition of mercuric chloride 
to a bleaching solution of potassium ferricyanide and bromide fol- 
lowed by sulfiding in the usual manner results in an image consisting 
partly of silver sulfide and partly of a mercuric compound. The colors 
obtained range from a normal sepia to a warm engraving black de- 
pending upon the relative proportions of the mercury compound and 
silver sulfide. The bleaching solution is prepared as two stock solu- 
tions ; 


A. Potassium ferricyanide..........-- E, 402: 100 gm. 
Potassium bromide........-..----- 14 oz. I50 gm. 
Watetet@ MakCnen amie oe ola SeO7- 1000 cc. 

Ba Mercurechlonider. em - = += soe 60 gr. 12.5 gm. 
Potassium bromide. --..--:.--=-- 60 gr. 12.5 gm. 
Wiatemitostid ce serene seiette.ie-'a ae 5 oz. 500 cc. 

(C@Sodiumrsuliides rr -) 212 T 2.02. 100 gm. 
Water tommaken..saepiccces- «=e Gg! oz: IooO cc. 

Color A B Water Pass = 
INOrmalisepiaemetn 6 Saco. 40 parts — parts 480 parts 10 sec. 
Coolise pian. ao-tescena: Orton 40 parts 20 parts 480 “ Q: > 
Colderscepianmes serie atte son = S00 ae 480 ‘ 5 ee 
Brown-plackewae ee cee - BOr re 5O. ss 480 “ fast 
Enerayine: blackensmiaeti-rase |i On ne 904 480 “ ed 


After having been bleached in a bleacher compounded as directed 
for the tone desired, the prints are washed briefly and passed through 
three successive baths of one per cent hydrochloric acid after which 
they are again washed and finally sulfided as usual.*° 

Copper Toning.—The range of colors obtainable with copper 
toning extends from warm black through various shades of brown to 
red chalk, the various colors following one another in a definite order 


as the action proceeds. The chemical reactions taking place are 
probably as follows: 


CuSO, + 2KBr = CuBr, + K,SO,, 
CuBr, + Ag = CuBr + AgBr, 
CuBr + 2AgNO, = Cu(NO,),. + Ag.Br. 
The following is a satisfactory formula. Two solutions are re- 
quired as follows: * 


40 Bennett, Brit. J. Phot., 68 (1921), 25. 
41 British Journal Formula. 
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‘Ae Cupric sulfate asses ok gota oh. chick 60 gr. 6.25 gm. 
Potassium citrate (neutral)........ “ 240 gr. 25 gm. 
Wiattersto, makestmn ancien eras 20 OZ. 1000 cc. 

B. Potassium ferricyanide............ 50 er. Seon 
otassiumcitrate russ eee nae 240 gr. 25 gm. 
Water tommake. arctan ee ce 20 OZ. 1000 cc. 


For use take equal parts. Should the prints appear purplish in the 
highlights increase the amount of potassium citrate in either A or B.? 

Uranium Toning.—The range of tones obtainable by toning 
with uranium extends from warm-black, through various shades of 
brown to plum colors and various shades of red, terminating in a 
bright brick-red. The toning action is progressive, the various colors 
appearing in a definite order as the action is allowed to proceed. 

As the image is intensified in the process of toning, the black and 
white print should be lighter than normal. 

The chemical reactions occurring are probably as follows: 


8Ag + 4(UO,);[Fe(CN,) ]. 
= 2Ag,Fe(CN ), + 3(UO,z)4[Fe(CNg) ]>. 


Prints intended for toning in uranium should be thoroughly washed 
as the presence of hypo results in stain which cannot be removed. 
The following formula is suitable: * 


Wiranydlenitirateraan tac, eter eee 38 gr. 5 gm. 
Potassilii Citrate sees wera cia) ae eee 38 gr. 5 gm. 
Potassium ferricyanide sy. eee 15 gr. 25) Sms 
PATINTINOMIANALUTI ery atte Soe err oe 77 gr. 10 gm. 
Pureshydrochloric acidam orcas =e 2 min 0.3 cc 
Wailer atten peter cova. sroncit nun tant haha eens 16 oz 1000 cc 


A print immersed in the above toning solution shows no change for 
about a minute, after which a slight brownish color becomes apparent. 
This gradually changes into reddish brown as the action proceeds. 
When toning has proceeded to the point desired, the print is washed 
for one to two minutes and placed in: 


Potassium citrate se aceite anne 38 gr. 5 gm. 
Sodium sulfate (not sulfite)............. 192 gr. 25 gm. 
NINERS 8 ei Pls, ccaciseh, B PRAIRIE Fimi6 bine thehe HeN be 16 oz. 1000 cc. 


42 Other methods of toning with copper: Namias, Bull. Soc. franc. Phot., 64 
(1922), 26. 

43 Ferguson, Phot. Jl., 25 (1900), 113. Sedlaczek, Phot. Ind., 1924, 234. 
American Photography, 1925, 8. 
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Three or four such baths may be required to remove the yellowish 
coloration entirely. The print should then be washed in running 
water free from alkalis for a minute or so, then fixed for five minutes 
in a 0.5 per cent solution of hypo followed by washing in running 
water made acid by the addition of 0.1 per cent of glacial acetic acid. 

Toning with Vanadium.—The following is a suitable formula: 


Vanadium oxalate solution (20 per cent)......-- VY fl. oz. 50 cc. 
Oxalic acid (saturated solution).......-------- VY fl. oz. 50 cc. 
Ammonia alum (saturated solution)......-.--- ¥% fl. oz. 50 cc. 
Ferric oxalate solution...........---+---++-+-+ quant. suff. 
Givcerintavcerns tne shee ge oe es area V fl. oz. 50 cc. 
Potassium ferricyanide (10 per cent sol.)....-.-- 48 min. 10 cc. 
Water ache Actors eee onc rloroicicle Aoi omega ele IO Oz. 1000 cc. 


The vanadium oxalate solution is prepared as follows: Either of these 
salts can be made quite easily from ammonium metavanadate which 
is a comparatively inexpensive salt. To make the oxalate place 100 
grams (3 0z. 230 grains) of ammonium metavanadate in a beaker or 
evaporating dish and add 460 grams pure oxalic acid. To this add 
500 cc. (17 oz. 287 minims) distilled water stirring constantly all the 
while and then heat the mixture. As the temperature rises it forms 
at first a thick paste which becomes more fluid as the temperature rises 
while the color changes from white to orange-red and finally to a dirty 
gray-green. More water may be added and heating continued until 
a perfect solution is obtained. The color will then change to a bril- 
liant blue and the total bulk of the solution can be made up to 1477 cc. 
(52 oz.) producing a 20 per cent solution of vanadium oxalate con- 
taining a slight excess of oxalic acid. 

Toning requires from ten to fifteen minutes, after which the prints 
are immersed in a 10 per cent solution of sodium sulfate for five 
minutes, washed several minutes and dried. Fixing is unnecessary. 

The result of toning in the above solution is to produce an image 
consisting partly of blue ferri-ferrocyanide and partly of yellow van- 
adium ferrocyanide, the two combining to produce a green. The only 
practical application of vanadium as a toning agent is for the purpose 
of producing green colored images. 

Dye Toning.—The range of colors obtainable by toning with 
metallic compounds is rather limited ; a much broader range is possible 
by dye toning. Dye toning should not be confused with tinting or 
staining. A dye toned image consists of a colored dye image in un- 
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colored gelatin; in a tinted image the gelatin is more or less uniformly 
stained by the dye. 

To produce the preferential deposition of the dye so as to form a 
dye image, it is necessary to convert the silver image into an inorganic 
compound which will cause the dye to come out of solution and preci- 
pitate on the compound. Such a substance is called a mordant and 
the dye is said to be mordanted. Silver ferrocyanide is a typical 
mordant. Consequently if a silver image is converted into an image 
of silver ferrocyanide and immersed in a solution of a basic dye, the 
dye is precipitated upon the silver ferrocyanide producing a mordanted 
dye image.** 

A comparatively large number of inorganic compounds have been 
used as mordants ; among them silver iodide,*® various ferrocyanides ** 
and sulphocyanides,** silver sulphide,** lead #? and iron.®° 

Dye toning is reserved more particularly for transparencies although 
methods involving the application of the dye solution by brushes or 
cotton to the surface of prints on paper have been described.*4 

Silver ferrocyanide is one of the best mordants for basic dyes and 
the following is a satisfactory formula: ©? 

Uranium Mordanting Bath.— 


Uranium) (uranyl) nitrates. 3) 2 hee 8 pounds 114 grains 8.0 grams 
Oxalicia cid@mmre ter arc neoa tern cn sacs 4 pounds 57 grains 4.0 grams 
otassiunmiernicyanide.. 4005 2 oe es 4 pounds 57 grains 4.0 grams 
WGI Eee: Woy naval Sisk Ga cine Hon Diomaecloremne C 120 gallons 32 ounces 1.0 liter 


Directions for Mixing. The uranyl nitrate should be of good 


44 The theory of the mordanting of dyes as applied to dye toning is as yet 
incomplete. In general, however, the process appears to involve the mutual 
precipitation of oppositely charged colloids. Bullock, Brit. J. Phot., 70 (1923), 
352; Amer. Phot., 17 (1923), 756. 

45 Traube, D. R. P. 187,289 of 1905, Brit. J. Phot., 53 (1906), 942. 

46 Clark, Scientific Publications Eastman Research Laboratories, 2 (1915), 
130. Traube, B.P. 147,005 of 1916, Brit. J. Phot., 68 (1921), 328. Crabtree, 
U.S.P. 1,305,962 of 1917. 

47 Christensen, B.P. 132,846, Brit. J. Phot., 66 (1919), 639. 

48 Robach, Brit. J. Phot., 70 (1923), 363. 

49 Namias, Brit. J. Phot., 56 (1909), 68. 

50 Mercer, Brit. J. Phot., 42 (1895), 557. Crabtree, U.S.P. 1,380,742. 

51 Lumiére and Seyewetz, Brit. J. Phot., 73 (1926), 135; 74 (1927), 31. 
Garnotel, Brit. J. Phot., 75 (1928), 153. 

52 This formula and the directions which follow are from “ Tinting and Toning 
of Eastman Positive Motion Picture Film,” Eastman Kodak Co., Rochester, 
N. Y. Fourth edition, 1927. 
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quality and should not contain an excess of free nitric acid. First 
dissolve each chemical separately in a small volume of water. Then 
add the oxalic acid solution to the uranyl nitrate solution and finally 
add the ferricyanide solution. If the uranyl nitrate is added directly 
to the potassium ferricyanide, a brown precipitate will be obtained 
which will not dissolve readily in the oxalic acid. -After mixing, the 
bath should be light yellow and perfectly clear. The solution should 
not be exposed to light any more than necessary. 

For use, take 1 part of stock solution and 4 parts water. 

Time of Mordanting. Immerse the film (slide) at 65° to 70° F. 
(18° to 21° C.) until a very slight chocolate-colored tone is obtained 
and remove at once. If mordanting is prolonged, much beyond this 
point, inferior tones will be produced. With a new bath, this will re- 
quire from 144 to 2 minutes but the time will need to be increased as 
the bath ages. The solution may be revived at intervals by adding a 
little of the concentrated stock solution. 

Time of Washing after Mordanting. Wash until the highlights are 
free from yellow stain which usually takes about 10 to 15 minutes. 
Do not prolong the washing for more than 20 minutes or some of the 
mordant will be washed out. 


The Dye Bath 
[DNS ee dlowibin’ GUAT Renee 34 ounces 3. «grains 0.2 gram 
*Ncetic acid, 10%. 1... -- = - 76.8 Oz. 114 drams 5-0 cc. 
Water to makes. «22-1... 120 gal. 32 ~=«gaiilons 1.0 liter 


* To convert glacial acetic acid into 10 per cent acetic, take 1 part glacial acetic 
acid and add it slowly to 9 parts of water. 

Thoroughly dissolve the dye in hot water, filter, add the acid and 
dilute to volume with cold water. 

The following dyes are suitable for toning : °° 


g: 
Safranine A Red 
Chrysoidine 3R Orange 
Auramine Yellow 
Victoria Green Green 
Methylene Blue BB Blue 

*Methyl Violet Violet 


* For methyl violet use one-quarter the quantity of dye given in the formula. 


58 The dyes listed are obtainable from Eastman Kodak Company, Rochester, 
N. Y., in quantities under one pound. Larger quantities should be purchased 
directly from the manufacturer, National Aniline Co., 40 Rector St., New York, 
ING 
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Time of Dye Toning. Immerse the mordanted and washed film 
(slide) in the dye bath for 2 to 15 minutes according to the color de- 
sired. The quantity of dye which mordants to the image increases 
with time. In case an image is over-dyed, some of the dye may be re- 
moved by immersing in a 0.2 per cent solution of ammonia; then rinse 
after drying. 

If, after dyeing 10 minutes, the image does not mordant sufficient 
dye, remove the film (slide), wash thoroughly, immerse again in the 
mordanting bath, wash, and re-dye. 

Intermediate Dye Tones. Intermediate colors may be obtained 
either by mixing the dye solutions or by immersing the film (slide) in 
successive baths. For example, if a reddish-orange tons is desired, 
first tone for a short time in the Safranine bath and then in the 
Chrysoidine bath, or the two baths may be mixed in suitable propor- 
tions and the tone secured with a single treatment. 

Dye Toning in Single Solutions.—It is possible to combine the 
mordanting and dye baths to form a single solution toning bath. The 
difficulty in most cases is the precipitation of the dye. A satisfactory 
method has been described by Crabtree and Ives.** 

54 Trans. Soc. Mot. Pict. Eng., 12 (1928), 967. Dye toning may be com- 
bined with various processes of chemical toning. Crabtree and Marsh, J. Soc. 
Mot. Pict. Eng., 14 (1931), 57. 


CHAPTER XXII 
MOUNTING AND FINISHING THE PRINT 


Print Trimming.—Many prints are greatly improved by judi- 
cious trimming which eliminates unnecessary OT objectionable subject 
matter and improves the composition. 

A convenient means of determining how a print should be trimmed 
is afforded by two L shaped pieces of cardboard or opalescent celluloid. 


Fic. 202. Determining Proper Trimming 


These may be placed on the print so as to form a frame the size and 
proportions of which may be altered at will and the effect studied. 
When the best composition has been decided upon, light pencil lines 


452 


MOUNTING AND FINISHING THE PRINT 453 


may be placed on the print as a guide for trimming. (A china mark- 
ing pencil may be used with gloss papers.) 

If the print is to be mounted with paste, it may be trimmed at once; 
prints to be dry mounted, however, should not be trimmed until the 
mounting tissue has been attached in order that both may be cut to 
exactly the same size. 


Was 


Fic. 203. Print Trimmer in Use 


Prints are usually trimmed on a trimming board (Fig. 203). The 
print should be held firmly in place with the left hand to prevent 
slipping. 

If a trimmer is not available or the print is larger than the blade 
of the trimmer, a straight edge and a sharp knife or a safety razor 
blade in a holder may be used. The print should be placed on a sheet 
of zinc, glass, wall board or heavy cardboard. 

Oval or circular prints are best trimmed with the aid of metal trim- 
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ming guides, which may be obtained in various sizes from the large 
dealers, and a swivel wheel cutter. 

Mounting.—A print is not really complete until mounted. The 
function of the mount is to form a frame for the picture, a background 
which will separate it from its surroundings and display it more ef- 
fectively. White or light mounts are preferred at the present time. 
A white mount, however, has the effect of increasing the apparent 
depth of the shadow portions of the print, especially if the margins 
are generous, and in such cases it is usually desirable to make the 
transition from the picture to the mount less abrupt by double- 
mounting (p. 455) so that the picture is enclosed within a narrow gray 
or black frame. In general this inner mount should be lighter than 
the darkest tones of the picture and darker than the highlights; if, 
however, the margin is a line, it may be a solid black. 

The color of the mount is also important. A brown-black or sepia 
print, for example, will seldom appear to good advantage on a neutral 
grey or pure white. Usually it will appear to much better advantage 
on a warm grey, ivory or cream mount. On the other hand a cold 
grey print does not appear to good advantage on a warm-colored 
mount. 

Mounting materials having a distinct color are in disfavor and 
brightly colored papers are undesirable even for toned prints. 

The size of the mount is largely a matter of personal opinion al- 
though for exhibition purposes there are certain sizes which are recog- 
nized by the leading salons as standard. In general, the smaller the 
print the larger the mount may be in proportion. 

In placing the print on the mount the usual practice with a vertical 
subject is to make the margins on the sides and top equal and that 
below the picture considerably wider. With a horizontal subject the 
usual practice is to make the margins at the sides and below equal and 
that above the picture somewhat less. 

Types of Mounts.—The types of mounts to be described in this 
chapter are: 


1. The line mount which consists of a narrow pencil or ink line on 
the mount around the picture (Fig. 204). 

2. The lined slip-in mount (Fig. 204). This differs from the line 
mount in being in two pieces: (1) the front with a cut-out 
opening which frames the picture and on which the surrounding 
line is placed and (2) the back to which the picture and the 
front piece is attached. 
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3. The plate-sunk or embossed mount. In a plate-sunk or embossed 
mount the center area occupied in part by the picture is de- 
pressed so as to produce the effect of a frame. The term 
“plate sunk” is derived from the depression produced by the 
plate when making a print from a copper plate etching. Fre- 
quently, photographic prints are made with wide margins and 
the paper sunk to produce the effect of an etching. 

4. Double mounting. A double mount is made by mounting the print 
first on a sheet of thin mounting stock which is then trimmed 
to leave a narrow margin and then attached to a larger sheet 
of heavy mounting stock. The contrast between the first and 
second mount gives added emphasis to the picture (Fig. 204). 
In selecting papers for the two mounts it is usually desirable 
to avoid strong contrasts. The first, or inner, mount may be 
either lighter or darker than the other; in general, the greater 
the tone contrast between the two the greater the difference in 
the width of the margins. 


To prepare mounts the following materials will be required: 
Mounting papers. 
Trimmer. 
Sharp knife or safety razor blade in suitable holder. 
Ruler. 
Glue. 
Pencil. 
Black ink. 


Papers suitable for mounting may be obtained from stationers, from 
printers by whom it is known as cover stock, and from artists’ supply 
stores. 

Preparing a Line Mount.—In preparing a line mount the print 
is first mounted and then the line placed around the picture. After 
the print has been mounted the position of the lines is decided upon. 
Two L-shaped pieces of cardboard may be used to advantage in deter- 
mining the spacing which produces the best effect. The width of the 
margin is a matter of personal taste but in general the sides and the 
top will be equal and the bottom somewhat greater. 

Mark lightly in pencil the positions of the lines on the mount. Then 
cut a piece of cardboard the size of the area enclosed within the lines. 
Place this on the mount so that its edges coincide with the marked 
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positions, and then draw the lines around the card, using a soft lead 
pencil and taking care to make the corners neat. In some cases, the 
appearance is improved by retracing the lines with a pencil freehand. — 

Making a Lined, Slip-In Mount.—The pieces of cardboard 
which are to form the front and back parts of the mount are first cut 
to the approximate size. The color and quality of the card stock used 
for the back are not important as it is not seen. A piece of cardboard 
the size of the print is then cut and located on the cover of the mount 
in the position to be occupied by the picture. Draw a line around the 
card, and then with a straight edge and a sharp knife, or a safety razor 
blade in a holder, cut out the center portion cleanly. 

Using the two L-shaped pieces of cardboard, determine the positions 
of the framing lines. Trace the lines lightly in pencil at first, then 
remove the cardboard guides and retrace the lines, using a straight 
edge. 

The next step is to attach the front and rear portions of the mount. 
Apply a thin line of glue along the upper edge of the back portion, 
lay the upper half on it and place the two under pressure for several 
minutes. 

Now apply a thin line of glue to the back of the print along the top 
and place the print in the proper position on the mount. Apply a thin 
line of glue along each of the three remaining sides of the mount and 
place under pressure for ten to fifteen minutes. Finally, trim the out- 
side of the mount. 

An attractive effect is produced by using either lighter or darker 
toned card stock for the front or cover portion of the mount and mak- 
ing it a trifle smaller than the rear portion so as to produce a narrow 
contrasting margin to the mount. In this case, the cover portion must 
be trimmed to the proper size before being attached to the back portion. 

Making a Plate Sunk or Embossed Mount.—Mounting stock of 
suitable color and surface and not over 1/32 inch thick is first cut to 
the approximate size. The positions of the print and the embossed 
lines which will be placed around it are then marked with light pencil 
lines. A piece of cardboard the size of the area to be depressed is 
cut and attached to the mount with a drop of glue placed near the 
center of the area to be occupied by the picture. The mount is then 
turned over and the back moistened with a wet sponge along the lines 
to be embossed. Several minutes are allowed for the water to soak 
in and the edges of the card underneath are located with the fingers. 
The mount is now embossed, or depressed, along the lines of the card 
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underneath by following the outline with an embossing tool (Fig. 205) ; 
care should be taken to make a clean cut and uniform impression. 

When this has been completed, the cardboard is torn off and the 
print mounted, using either a thin line of glue along the top or by dry 
mounting. Finally, the pencil lines are erased and the outside edge 
trimmed to the proper size. 


Fic. 205. Using Embossing Tool 


Double Mounting.—First trim the print to the proper size and 
attach to the first mounting stock, preferably by dry mounting, other- 
wise by means of a thin line of glue placed on the back of the print 
along the upper edge. 

Next trim the mount so as to leave the desired margins around the 
print. The width of the margins depends upon the size and character 
of the print and personal preference but should be greater at the bot- 
tom than along the three remaining sides. 

Cut the card stock for the second mount a trifle large and indicate 
on it by light pencil lines the position of the mounted print. 

Finally, attach the mounted print and trim the outside of the mount 
to the required size. 

Commercial Mountings.—Mounts and folders (for portrait 
work) are available commercially, the latter particularly in large varie- 
ties. Unfortunately the artistic taste displayed in their design is fre- 
quently open to question and one is largely restricted to set sizes and 
proportions which may or may not be suitable for a particular print. 
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Folders designed for professional portraiture may be broadly di- 
vided into three classes: (1) the inslip folder, having an opening be- 
hind which the print is mounted (Fig. 206); (2) the easel folder and 
(3) the corner pocket folder, having small pockets at each corner into 
which the corners of the print are inserted. 


Fic. 206. Example of Folders Used for Professional Portraiture. Left to 
Right, Slip-in Folder, Easel Folder, Corner Pocket Folder 


Mounting with Paste.—Prints to be mounted with paste should 
be trimmed first and then soaked in water for ten to fifteen minutes. 
Upon removal from the water they should be placed face down on a 
piece of heavy glass, or a ferrotype plate, and the surplus water re- 
moved by rolling with a print roller. Photo mounting paste is applied 
smoothly to the backs, using a broad, flexible brush. The print is 
then lifted up by inserting the finger nail or the tip of a knife under 
one corner and placed in position on the mount. Place a clean blotter 
over the print and go back and forth over it until the print adheres 
firmly to the mount. Lack of contact can be seen by holding the 
mounted print at an angle. Any raised places indicate insufficient 
pressure, a lump of paste, or an obstruction of some kind. If the 
latter, peel up one corner of the print, remove the obstacle, and go over 
the print with the roller a second time. 

Finally, go over the surface of the print and along the edges with 
a moistened sponge, tuft of cotton, or cloth, to remove any paste which 
may have found its way to the surface of the print. Then place the 
mounted print on one side to dry. 

Ferrotyped prints cannot be mounted with paste as the glazed sur- 
face is affected when the print is placed in water. 


460 MOUNTING AND FINISHING THE PRINT 


Dry Mounting —Dry mounting is undoubtedly the most satis- 
factory of all methods of mounting. It is simple and convenient ; the 
print is separated from any impurities in the mounting stock which 
might affect its permanency ; and prints may be mounted on the thin- 
nest of card without curling. It is the only really satisfactory method 
of mounting ferrotyped or colored prints solidly. Dry mounting tis- 
sue, which is a thin tissue coated with a composition which melts when 
heated, can be obtained in rolls or in cut sheets from dealers in photo- 
graphic supplies and is inexpensive. 

The print is first laid upon its face and a piece of dry mounting tis- 
sue of the same size attached to the back with the tip of a hot iron 
or an electric tacking iron. The tacking iron should not be too hot 
or the print may be discolored. The print is then trimmed so thai 
the tissue is trimmed with the print. The print is then placed in the 
desired position on the mount, covered with a piece of thin cardboard 
and placed underneath a heated dry mounting press (Fig. 207) or a 


Fic. 207. Dry Mounting Press (Eastman) 


hot iron. From 15-30 seconds are required at a temperature of 
185-225 degrees F. to melt the tissue. Several impressions will be 
required when mounting large prints with an electric iron in order to 
cover the surface. The weight of the iron is usually sufficient, but 
do not rub. 

If the print fails to adhere, leaving the tissue on the mount, the 
mounting press, or the iron, is too hot. If the print adheres to the 
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tissue but not to the mount, the press is too’cold. A temperature from 
180-225 is satisfactory for most papers. Imperfect adherence of the 
print is usually due to uneven pressure. Irregular glossy markings or 
discoloration on the print are due to the press being too hot or the 
print being damp. 

Backing Prints with Cloth—Prints which receive considerable 
handling, as in salesman albums or in record books, are frequently 
mounted on cloth for added protection. Formerly, ordinary cloth was 
used for this purpose, but today, a special photographic mounting cloth 
similar to that used by bookbinders is generally employed. This 
stout cloth is coated on one side with an adhesive and is supplied in 
various weights and colors. 

In mounting glossy prints, the wet print is first placed on the 
squeegee tin. A sheet of mounting cloth slightly larger than the print 
is then dipped in water momentarily, drained, and then laid over the 
print. Finally, the plate and its adhering print and cloth are squeegeed 
either with a print roller or wringer. 

In mounting matt prints, the wet print is first placed on a sheet of 
heavy plate glass. The sheet of mounting cloth is then dipped in water 
momentarily, drained and then laid on the print. Finally, the print is 
squeegeed to the glass, then stripped and dried as usual. 

Two matt prints may be mounted back to back by using the double 
photo mounting cloth having adhesive on both sides. One of the wet 
prints is placed face down on a sheet of heavy glass. The glass is 
placed on an illuminator or a printing machine, and the wet cloth laid 
down over the print. The second print is then placed in position, using 
the light from below to register the two prints. The prints and cloth 
are then stripped from the glass, squeegeed, and dried in the usual way. 

Spotting.—After mounting, spots, either light or dark, should 
receive attention. Dark spots are usually the result of dust on the 
film at the time of the exposure and should be removed in the negative. 
If this has not been done, the etching knife must be used to scrape 
off the silver deposit from the spot until it matches its surroundings. 
If this is not done carefully, the spot may be made too light and it will 
be necessary to darken it with the spotting brush. 

White spots are usually due to dust on the paper or negative when 
making the print. A little attention to the avoidance of dust at this 
stage will save hours in spotting the prints. 

Colors for spotting photographs are supplied on celluloid cards con- 
taining four colors, black, white, cold brown and warm brown, but 
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ordinary water colors may be used. A small sable brush (No. 1) is 
required. Moisten the brush between the lips and take up some of 
the color on the tip. Hold the brush vertically with respect to the 
surface of the print and bring the tip down on the print so that it covers 
the spot. If the amount of color deposited is insufficient and the spot 
is too light, take up more color and apply a second time. Should the 
spot be too dark, moisten another brush between the lips and remove 
some of the color until the spot matches its surroundings. 

Spotting colors are not poisonous. 

Large spots must be stippled in, using much the same touch as in 
retouching portrait negatives. If filled in solid they are made more 
conspicuous. 

Waxing Prints—Prints on matte papers are frequently im- 
proved by waxing. The shadows gain in depth and appear more 
lustrous. Commercial preparations are available for this purpose, or 
a solution of paraffin wax in gasoline may be used. This is applied 
with a soft cloth. A weak solution of gum arabic applied with an 
atomizer is also very effective. 

Waterproofing Prints.—Prints which are to be displayed in the 
open without the protection of glass or are to receive much handling 
should be waterproofed. Commercial preparations (Kodalak W. P.) 
are available for this purpose, or the print may be immersed in the 
following solution: 


Boras crwinrscitwostust: sv x BOO Shen |e hee aes see me are 30 gm. 
Giviceriinee ote tastcies store 200 MINUS aes Ses see tae 30 cc. 
Shellactoan seu en store GOO Fae it Siar the chek 70 gm. 
Waterecei ye ceric crtee QOOZE © be ees steer 1000 cc. 


Boil for one-half hour and add 
Methyl alcohol......... BGR | cee eeac ceils 250 cc. 


Varnishing Prints.—The following formula is suitable and re- 
sults in a high gloss: 


‘Transparent :celluloidi jcc ssi sysssie a ceva one cerns myo 
(BERT ORN Ie Sine Re ens Cen TS st Sono Sis o oz. 
AmyN AGetaters ones ow tel torts usec ee were pombe LO. 1GZ- 
IMethyWalcoltalise (ceo ce con ey on. Seer ee ae A mOZ. 


The transparent celluloid may be obtained from cleaned off film. 
The dry prints are immersed in the solution for one minute, then 
drained, and hung up by one corner to dry.t 


1 Moir, Brit. J. Phot., 75 (1928), 343. 


CHAPTER XXIII 


LANTERN SLIDES AND TRANSPARENCIES 


Sensitive Materials—The sensitive materials available for 
lantern slides may be divided into three classes: 


1. Rapid emulsions of silver bromide suitable for use in the camera 
or for contact printing. These comprise the majority of the 
lantern plates of American manufacture, for example, Eastman 
lantern plates, soft, medium and contrast, Hammer, Cramer 
and Ilford Special. 

2. Slow emulsions of silver chloride designed for contact printing. 
These are nearly all of English or Continental manufacture, for 
example, Barnet Lantern Plate and Ilford Gaslight. 

3. Medium speed emulsions of silver chloro-bromide, made especially 
for warm tones upon development. These are nearly all of 
English or Continental manufacture, for example, Barnet 
Verona, Criterion Mezzotone, Ilford Warm Black and Alpha 
lantern plates and Gevaert warm tone lantern plates. 


The contrast of a transparency, like that of a negative, may be con- 
trolled by varying the time of development ; a number of lantern plates, 
however, are made in more than one grade of contrast: both Eastman 
and Gevaert lantern plates, for example, are available in three degrees 
of contrast. 

Plates of the first and third classes should be handled only in a 
bright orange or orange-red light such as that provided by a Wratten 
Safelight series O or OA. The slower materials of the second class 
may, in general, be handled with the safelights designed for contact 
developing-out papers. 

The standard size for lantern plates in the United States and Canada 
is 314 <4 inches; in England and the British Dominions (except 
Canada) 3% X 314 and in Europe 85 X 100 mm. (3% X4 inches). 

For transparencies larger than lantern slides, ordinary slow plates 
or film may be used, but the degree of contrast obtainable on such 
materials is frequently insufficient unless contrast-type developers are 
employed. Transparency plates and positive films coated with emul- 
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sions similar to those employed for lantern slides are obtainable from 
many manufacturers of sensitive materials. 

In recent years films (Adlux, Translite, etc.) and papers (Translite, 
etc.) coated on both sides with emulsions similar to those employed on 
contact printing papers have been introduced for transparencies. The 
object of the double coating is to increase the thickness of the emulsion 
so as to obtain the range of densities required in a transparency. In 
the case of paper, the emulsions are of different speeds, that on the 
back of the paper being faster to allow for the loss of light in passing 
through the first emulsion and the paper base. 

Making Lantern Slides by Contact.—lf the portion of the nega- 
tive to be included in the slide is 2% inches tall or less and not greater 
than 3 inches horizontally, then the slide plate may be made by con- 
tact printing. If the image is larger the slide must be made by 
reduction. 

Either a printing frame or a printing machine may be used for con- 
tact printing. In either case, care should be taken to see that perfect 
contact is obtained. No mask of any kind should be placed between 
the negative and the slide plate as it affects the contact between the 
two. The undesired portions of the picture may be masked on the 
slide itself. 

Since the slide is placed in the lantern with its longer dimension at 
the bottom, the image is placed vertically across the shorter dimension 
of the plate. Care should be taken that vertical lines in the picture, 
or the horizon line, are parallel with the sides of the plate. 

It is well to cover the back of the slide plate with a piece of black 
velvet to reduce the danger of halation from light reflected back into 
the emulsion from the rear of the plate. Backed lantern plates may 
be obtained from some manufacturers but usually only on special order. 

To determine the proper exposure, the plate may be exposed in 
strips by placing a card over the negative and successively covering or 
uncovering strips about %4 to 34 of an inch wide. Calculation is 
simplified if the exposure intervals are equal. 

Developers and Development.—A clear working developer 
which produces density and contrast readily is required. Hydroqui- 
none and metol-hydroquinone developers are employed chiefly. It is 
preferable to use the formula recommended by the manufacturer. 

Development is usually by inspection although the factorial method 
may be used. With many plates the time of development may be 
determined from the appearance of the image in the developing tray ; 
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however, the better plan is to examine the image by transmitted light, 
holding the slide with the glass side away from the safelight. 

Fixing, Washing and Drying.—After development, the plate 
should be rinsed briefly, but thoroughly, in running water or in a 
vessel of cold water and transferred to an acid fixing and hardening 
bath. In warm weather it may be advisable to harden the plate in a 
hardening stop bath of chrome alum before fixing. 

Fixing will require from 5 to 1o-minutes in a fresh acid fixing and 
hardening bath. Prolonged fixation is undesirable as the density of 
the image may be reduced, particularly if the bath is partially ex- 
hausted.* 

One quart of fixing bath should fix from 75 to 100 slide plates if 
properly rinsed in water after development. Plates fixed in an upright 
position in a tank are cleaner than those fixed in a tray. 

After fixing, the slide should be washed for 20 to 30 minutes in 
running water or in 6 to 8 changes of water, allowing five minutes for 
each change. Tests for the presence of hypo may be made using the 
methods described in Chapter 15. 

Upon removal from the washing tank the surface of the slide should 
be wiped free of adhering dirt and precipitated substances, using wet 
absorbent cotton or a viscose sponge. 

The slide should be dried in warm, dust-free air, but drying should 
not be forced by the application of heat. The effect of drying condi- 
tions on density and contrast are more marked in this case than with 
negative materials. 

Slides by Reduction.—Slide making by reduction is simply re- 
photographing the negative on the lantern plate. Any focusing camera 
using plates or cut film larger than 34% X 4% inches may be used, with 
kits to adapt the plate holders for the lantern slide. A track of some 
kind should be provided to enable either the camera or the negative 
holder and its illuminator to be moved backwards or forwards. 

Enlarging equipment may be used for reduction if the bellows 
extension is sufficient. In some cases it is possible to increase the 
bellows extension by constructing an extension cone, or supplementary 
lenses may be used to shorten the focal length of the lens and thus 
enable the apparatus to be used for reduction. Reducing attachments 
may be obtained for some projection printers. 

Warm Tones by Development.—Brown and brown-black tones 


1“ The Reducing Action of Fixing Baths,’ J. Soc. Mot. Pict. Eng. 18 (1932), 
371. 
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may be obtained on lantern plates with emulsions of silver bromide or 
silver chlorobromide by using developers containing a silver solvent 
such as ammonium carbonate or thiocarbamide. The effect of using 
such a developer is to produce an image consisting partly of relatively 
coarse particles of silver and partly of finely divided particles of silver 
which are deposited from the developer upon the development centers, 
or nuclei, existing in the exposed grains. The action of the developer 
is thus analogous to that of the so-called “ physical” developers con- 
taining free silver, the silver in this case arising from the action of 
the silver solvent on the emulsion in the early stages of development. 

The developers used for warm tones thus form a class intermediate 
in character between physical developers with added silver and typical 
chemical developers as used for negative development. 

The variations in the color of the image produced with developers 
of this type are due to differences in the average size (or dispersity ) 
of the silver grains which collectively make up the deposit. The rela- 
tively coarse grains comprising the image in the case of development 
with the usual developers result in a deposit which is practically free 
from selective absorption (except in the case of developers producing 
a pronounced stain image). A reduction in the average size of the 
silver particles results in deposits possessing selective absorption, 
producing, as the average size of the silver grains diminishes, images 
having a sepia, brown, purple, red or yellow color. 

Emulsions of silver chloride are not, in general, suitable for the 
production of warm tones by development as they develop too rapidly 
and tend to fog in developers containing a silver solvent. 

Warm Tone Development.—The formula which follows is due 
to Dr. B. T. J..Glover? 


Metol Hydroquinone Solution A 


Biot water (i200 Be) van oo os oe reee 500 cc. 16 oz. 
eto lieeews cottensraie sc aa.< Aiea Sis teetercion reeset 5.0 gm. 70 gr. 
Sadinmusultiten(Ges.) cence eee 25.0 gm. 350 gr. 
Hiydroquinonein cntso tse aoe ae nee 2.5 gm. 35 gr. 
Sodium carbonate (des.).............- 18.0 gm. 250 gr. 
Potassium bromide... ssc sae 0.5 gm. FPRAT 
Goldwater tO nrcscuarosmen eo eme els selene tees 1000. CC. B2 OZ. 


2 American Annual of Photography, 46 (1930), 9. 


LANTERN SLIDES AND TRANSPARENCIES 467 


Solution B 
Coldkwater sre ites ote meine 160 cc. 8 oz. 
FAIMIMOniMMcanbOnaten qe ieee see oe 20 gm. TeOza 
PATRINOMI UME promid ex. \ckeees ae a: 20 gm. LOZ: 
Water itoumalkencen as oan cadbececrs aes ZOOMECC: 10 OZ. 


In the table which follows are shown (1) the relative exposure 
times, (2) the composition of the developer, (3) the Watkins factor, 
and (4) the approximate color of the image.® 


Developer 
Relative © |————___________Y———___|_ Watkins : 
Col f Slid 
maposure Solution Solution Sain See tee 
A B 
5 8 ~ dr: — 10 Olive black 
10 7 (aber tadre 5 Sepia 
20 6.5 dr. Tess 5 Sepia-brown 
32 Oumar: 2dr: 5 Brown 
96 se (GbR Be (ake 5 Purple-brown 
300 A dr. Aaeais 2 Red 


The exact color varies with different slide plates. 

As in the case of black and white slides, density is governed by the 
exposure, and contrast by the time of development. However, in the 
case of a developer containing a silver solvent the color as well as the 
contrast of the image changes with the degree of development. Begin- 
ning with a yellowish image the color changes first to red and then 
to purple, brown, sepia, and finally black as development progresses. 
Thus, with a given developer the contrast and color of the image are 
interdependent and neither can be modified without alteration of the 
other. 

It is possible, however, by increasing or decreasing the concentra- 
tion of the silver solvent present in the developing solution, to control 


3B. T. J. Glover, American Annual of Photography, 44 (1930), 9. 


BAKER AND Davipson—Studies in the Effect of Exposure and Develop- 
ment on the Color and Contrast of Warm Tone Slides. Brit. J. 
Phot., 71 (1924), 77. 

GLovER—Thiocarbamide and Blue Toned Lantern Slides. Brit. J. Phot., 
7O (1923), 135. 

Jounson—The Technics of Lantern Slide Making. Brit. J. Phot. 70 
(1923), 237; Phot. J., 63 (1923), 58. 
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the time of development necessary for a given color. This enables 
the contrast of the image to be altered without producing a correspond- 
ing change in color. Thus, to counteract the effect of shorter de- 
velopment on the color of the image, the proportion of the B solution 
should be reduced, while to secure the same color with increased de- 
velopment, the proportion of B should be increased. 

The time of exposure varies with the color. While color depends 
upon the time of development and is independent of the exposure, it is 
necessary to adjust the exposure to the time of development so as to 
obtain an image of the proper density. The shorter the time of de- 
velopment (ie. the lower the development factor) the longer the 
exposure. The exposure required under any particular set of condi- 
tions must be determined by means of test exposures. 

The color of the image cannot be determined precisely from the 
appearance of the slide during development because of (1) the color 
of the light transmitted by the safelight and (2) the difference in the 
appearance of the image when wet and after drying. Usually the 
color is colder and the density greater when dry than when wet. If 
the time of development required for a particular color has been deter- 
mined, this time should be adhered to and the density of the slide 
regulated by the exposure. Variation in the composition and the tem- 
perature of the developer alters color and gradation ; it is well to use 
a small volume of fresh solution for each plate and to use a water bath 
to maintain the proper temperature.* 

Intensification and Reduction of Lantern Slides.—A slide which 
lacks brilliancy because of slight overexposure or a trace of fog may 
be improved by slight reduction in a subtractive reducer. In general, 
however, it is best to avoid the intensification or reduction of lantern 
slides, particularly those with warm tones, as the color and quality 
are adversely affected. If it is the exposure which is at fault then 
the slide should be made over; if an alteration in contrast is required 
and this cannot be accomplished by suitable modification of the time 
of development, then the negative should be reduced or intensified. 

Varnishing—While not absolutely necessary, it is well to var- 
nish the slide. Varnishing prevents the “dewing ” of the slide in the 
lantern from the condensation of moisture on the cover glass when 
heated. Suitable varnishes may be obtained from dealers in photo- 

4 References on use of thiocarbamide for warm tone slides. Johnson, Brit. 


I. Phot., 69 (1922), 505. Glover, Brit. J. Phot., 70 (1923), 135. Johnson, Brit. 
J. Phot., 70 (1923), 237. 


LANTERN SLIDES AND TRANSPARENCIES 469 


graphic supplies. The slide should be heated to drive off all the 
moisture before varnishing. With some varnishes the slide must be 
coated while still warm; others may be applied cold. 

Masking.—Black paper masks in various sizes may be pur- 
chased from dealers in photographic supplies. These, however, are 
seldom the exact size required for the best composition. Masks to 
fit the subject may be made by means of ruled adjustable mats, with 
lantern slide binding strips, or a suitable mask cut from black paper. 

The mask should be at least 14 inch wide or some of the picture 
will be cut off by the slide carrier of the lantern. The standard size 
opening for motion-picture theatre use is 21%4 XX 3 inches. 

Before binding, the slide should be marked to indicate to the lan- 
ternist the way in which it is to be placed in the lantern. Small disks 
of gummed paper are usually employed for this purpose. In the 
United States and Canada the standard practice is to place the spot in 
the lower left hand corner when the slide is held as it should appear 
on the screen. The lanternist places the slide in the lantern upside 
down with the spot acting as a thumb mark. In England the standard 
practice is to place two spots at opposite corners of the top of the 
slide, while in Europe a single spot placed in the lower right hand 
corner is used. 

Binding.—The easiest method is to employ four separate strips 
of the gummed paper supplied by dealers as lantern-slide binding strips. 
Begin by cutting a number of strips of the binding paper into pieces 
3% and 4 inches in length. Take a cover glass (a cleaned off lantern 
plate will do) and place it against the masked (emulsion) side of the 
slide plate. One of the binding strips is then moistened with a wet 
sponge and applied evenly along one edge. The thumb is then run 
along the edge so as to obtain good contact with the edge of the two 
glasses and the strip folded over along the sides. The other three 
sides are then bound in the same manner. 

The continuous strip method requires more practice but is quicker. 
The binding strip is moistened and placed gummed side up on a blotter 
or a sheet of paper. The edge of the slide with its cover glass is then 
placed at one end of the strip, care being taken to get it in the center, 
and rotated so that it picks up the binding strip on all four sides. The 
binding strip is then creased along the sides and the corners folded 
over. 

Lantern Slides Direct in the Camera—In copying from books 
and other sources for lantern slides, the making of a separate negative 
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may be avoided by photographing directly on the lantern plate and 
reversing the image from a negative to a positive. Reversal may be 
accomplished in one of two ways: 

1. The negative image is developed, the slide rinsed, and the negative 
image removed with a bleaching solution which dissolves the finely 
divided metallic silver of the image. The plate is then exposed to light 
to render developable the silver halide remaining and developed to 
produce a positive image. 

2. The developed negative image is bleached in a solution which 
dissolves the silver image and hardens the gelatin according to the 
density of the silver image. A positive image is produced by staining 
the unhardened gelatin with a dye, or combination of dyes, which are 
absorbed only by soft gelatin. 

Lantern slide emulsions in general are not designed for direct re- 
versal and it is difficult to obtain good results except with line subjects. 
The time and labor involved in making dye positives is such that it 
offers no real advantage over the usual method.® 

Duplicate Negatives.—Duplicate negatives are useful (1) as a 
means of preserving valuable negatives, (2) to protect the original 
negative from possible damage when a large number of prints must be 
made, (3) to enable handwork to be carried out on the duplicate nega- 
tive which might endanger the original, and (4) to provide the enlarged 
negatives required when prints larger than the original negative are 
to be made by carbon, gum-bichromate, platinotype or other printing 
processes not adapted to projection printing. 

Duplicate negatives may be made by one of three methods: 

1. By first making an intermediate positive and from this a duplicate 
negative. This is the usual method. 

2. By using direct copy film which results in a negative image di- 
rectly. Sensitive materials of this type are a recent introduction but 
appear to offer distinct possibilities. 

3. By reversing the intermediate positive image to a negative. This 
method lacks sufficient flexibility and general reliability to make it 
practical. 

Sensitive Materials for Making Duplicate Negatives—A good 
duplicate negative should reproduce accurately the gradations of the 
original unless the contrast is to be altered in the interests of better 

5 Lantern slides directly by reversal. Carnegie, Brit. J. Phot., 56 (1909), 528; 


Brit. J. Phot., 63 (1916), 661. Power, Brit. J. Phot., 58 (1911), 194; (1916), 
662, Braintree, Brit, J, Phot., 61 (1914), 320; 63 (1916), 663. 
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printing quality. The definition and graininess of the image should 
not be markedly inferior to that of the original. 

The sensitive materials used in making the intermediate, or master, 
positive and the duplicate negative must be able to reproduce fine 
detail, be free from excessive graininess, and have sufficient latitude 
to reproduce correctly the full range of densities in the original. 
These requirements are most nearly met by the special duplicating 
films designed for the motion picture industry. These, however, are 
available only as standard motion picture film. Lacking these, a slow, 
fine-grain, blue sensitive plate or film of the “ commercial ” type should 
be used. These are preferably backed to reduce halation. Plates 
and films intended for transparencies, in general, are unsuitable, ex- 
cept for originals of below normal contrast, as the exposure scale is 
too limited to result in satisfactory reproduction. 

Exposure and Development of the Intermediate Positive and 
Duplicate Negative——Faithful reproduction of the original in- 
volves (1) the exclusive use of the straight-line portion of the char- 
acteristic curves of the sensitive materials employed in making the 
intermediate positive and the duplicate negative and (2) development 
of the two to gammas which will result in a reproduction gamma of 
unity (p. 195). If the contrast of the original is to be altered, then 
the gammas should be adjusted so as to produce the desired reproduc- 
tion gamma. 

The appearance of a properly exposed intermediate positive is quite 
different from that of a transparency or lantern slide. Since for good 
reproduction it is necessary that the various densities of the positive 
image lie within the straight-line portion of the D log E curve of the 
film or plate used, it is evident that the highlights of the intermediate 
positive will not be clear but will have a distinct density and that the 
whole image will be denser and softer than a good lantern slide. In 
fact, to the inexperienced a good intermediate positive appears over- 
exposed and under developed. 

If sensitometric equipment is available, the minimum highlight 
density for correct reproduction with the sensitive material used is 
readily obtained from sensitometric strips developed under the same 
conditions and to the same gamma. 

Lacking sensitometric data the result must be judged by visual in- 
spection, the judgment as to quality being based upon the fidelity with 


6 For types and characteristics see: Motion Picture Laboratory Practice, East- 
man Kodak Co., 1936. 
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which the gradations of the original are preserved rather than in the 
density of the image. 

Fine grain developers are recommended for development and the 
time of development should be adjusted to reproduce the contrast of 
the original or, if a modification is desirable, the contrast required for 
good printing quality. Within the limits imposed by the plate or film, 
the contrast of the duplicate negative may be controlled by suitable 
alterations in the time of development. 

As with the intermediate positive, sufficient exposure must be given 
in making the duplicate negative so that every gradation of the inter- 
mediate positive will be faithfully reproduced. Good duplicate nega- 
tives have no clear shadows, even when they are present in the original 
negative. The shadow portions of a duplicate negative, if properly 
made, are always somewhat gray, and while those in some scenes may 
be more dense than others, depending upon the range of brightness in 
the subject, none of them should be entirely clear. 

Enlarged Negatives——In making an enlarged negative there are 
two courses open: (1) an enlarged positive may be made from the 
original negative and the duplicate negative by contact printing from 
the intermediate positive or (2) a contact positive may be made and 
this enlarged to the required size. The first method involves a greater 
outlay for material but has the advantage that any local alterations 
which are needed to remove defects or to improve the composition are 
more readily made on the positive than on the negative as it is easier to 
see the effect of such alterations in the positive than on the negative. 

Paper Negatives.—For broad pictorial effects where definition 
is not an important factor, paper is frequently employed for the en- 
larged negative and at times for the intermediate positive. The use of 
paper appeals particularly to those who wish to control the final re- 
sults by altering tones, intensifying the highlights, deepening shadows 
or softening objectionable lines in the composition, as such work is 
more readily done on the back of paper negatives than on film or glass. 

Any smooth, single-weight paper of suitable contrast which will 
produce sufficient density when viewed by transmitted light may be 
employed. 

Transparency papers coated on both sides (Translite) show less 
grain and produce greater contrast than single-coated papers and are 
suitable for negatives which are lacking in contrast. 

In using a single coated paper graininess may be reduced by placing 
the paper so that the coated side faces the easel, that is away from the 
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lens. It is, of course, necessary to give more exposure with the paper 
in this position than when the emulsion side is next to the lens but the 
improvement as regards graininess makes it worth while. The suit- 
ability of the paper positive and negative are judged, of course, by 
their appearance with transmitted rather than with reflected light. 

Considerable diffusion results when both the intermediate positive 
and the final negative are made on paper, and except for extremely 
broad effects, better results are obtained by making the enlarged inter- 
mediate positive on paper and the final duplicate negative on film. 
This method has the advantage of the paper negative as regards hand- 
work on the intermediate positive and the advantages of film in 
printing from the duplicate negative. 

The transparency of a paper negative may be increased by oiling. 
Little improvement is made, however, in graininess, and on the whole, 
little is gained by oiling. ‘The oil must be kept from the face of the 
print and even with the greatest of precaution, in handling the oiled 
negative, oil spots are liable to get on the printing paper. Ojiling also 
increases the liability of the negative to pick up dust, grit, and lint. 


CHAPTER XXIV 


PRINTING PROCESSES: CARBON, GUM-BICHROMATE, 
ETC. 


The Carbon Process.—Ever since its introduction as a practical 
process, carbon has been recognized as one of the finest of printing 
mediums. In common with other processes, which depend upon the 
action of light upon chromic salts, the carbon process affords a wide 
variety of colors and surfaces. But even more important is the fidelity 
with which carbon reproduces the delicate tones of a negative. In 
this respect the carbon process is unsurpassed. 

There are two variations in carbon printing known as single and 
double transfer. In the first case the image is reversed from right to 
left, while in the latter instance the image is non-reversed. Carbon 
tissue consists of paper coated with gelatin and pigment. Before use, 
it has to be sensitized in a solution of potassium bichromate and is 
then dried in the dark. With a spirit sensitizer, drying is very rapid 
and sensitizing is in operation which requires very little time. When 
dry, the tissue is exposed to daylight under the negative, a photometer 
being used to regulate the exposure, as the image is not visible. When 
exposure is complete the tissue is removed from the frame and allowed 
to soak until limp in cold water. In the meantime, a sheet of single 
transfer paper, or the temporary support if double transfer is to be 
made, is allowed to become pliable in the water. As soon as limp, the 
. two are brought together and pressed into contact. After remaining 
under pressure a short while, the two are immersed in warm water and 
the tissue stripped off, leaving the gelatin and pigment adhering to the 
transfer paper, or to the temporary support in case of double transfer. 
Gentle washing in the warm water follows and the unacted upon bi- 
chromated gelatin with its pigment soon washes away, leaving the 
image in pure insoluble pigment. As soon as development is complete, 
the print is removed, placed in a bath of alum to remove the bichromate 
stain and harden the gelatin and is finally dried. Double transfer is a 
little more complicated. After development on the temporary sup- 
port, the image is hardened and allowed to dry. It is then again placed 
in water and brought in contact with a sheet of double transfer paper. 
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The two are allowed to dry in contact and the paper may then be 
stripped from the temporary support carrying with it the image. Car- 
bon is a comparatively simple and straightforward process and instruc- 
tions unfortunately make it appear more involved than it really is. 

The chemical reactions involved in the tanning or insolubilizing of 
a bichromated colloid upon exposure to light are still not definitely 
known. The neutral chromates, with the exception of ammonium 
chromate which decomposes in solution into ammonium bichromate, 
do not sensitize gelatin and the bichromates are not light sensitive ex- 
cept in the presence of organic matter. The investigations of Eder, 
Lumiére, Seyewetz and others suggests that the bichromate or chromic 
acid is reduced to chromium sesqui-oxide Cr,O,, which then reacts 
with excess bichromate or to form a chromium chromate, which may 
be Cr,CrO,, and is the actual tanning or insolubilizing compound. 


2H,CrO, + Light > Cr,O; + 6H,O + 30, 
Cr,O; + CrO; > Cr,CrO, > (3CrO,).1 


Sensitizing Carbon Tissue.—Carbon tissue sensitized with po- 
tassium or ammonium bichromate does not keep well, becoming in- 
soluble in a few days. The use of a neutral chromate such as potas- 
sium chromate results in a more stable tissue but of much lower sensi- 
tiveness. The sensitiveness may be increased, however, by suspending 
the tissue, before exposure, over a tray of glacial acetic acid in a closed 
chamber.? 

Both the ammonium and potassium salts are used; ammonium bi- 
chromate is the more sensitive but the potassium salt is generally used 
on account ® of its cheapness. The ammonium salt is more soluble in 
water, which is an advantage in a spirit sensitizer as a larger amount 
of alcohol or acetone may be added without causing precipitation. The 
sensitiveness of tissue sensitized with potassium bichromate is in- 
creased by the addition of ammonia or ammonium carbonate. Too 
much of either reduces rather than increases the sensitiveness of the 
tissue ; approximately 0.2 per cent of ammonia (20 cc. to 1000 cc.) or 
one half the quantity of ammonium carbonate may be used. The 

1 Sheppard, Photography as a Scientific Implement, p. 171. 


2Namias, Brit. J. Phot., 67 (June 1920), 306. 
3 Lumiére and Seyewetz, Eder’s Jahrbuch, 1906, 184. 


Watt—The Chromium Salts. Amer. Phot., 16 (1922), 613. 
MrppLEron—Some Experiments and Notes on Pictures in Pigments. Brit. 


J. Phot., 70 (1923), 735- 
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tissue also keeps better, as the occurrence of free chromic acid is 
prevented. ; 

The sensitiveness and also the contrast vary with the concentration 
of bichromate in the sensitizing bath. 

Concentrated solutions (4 to 6 per cent) result in greater sensitivity 
and low contrast; a dilute solution (1 to 2 per cent) produces higher 
contrast, although the time of exposure is longer. Contrast is af- 
fected to a certain extent by the color of the pigment; those which ab- 
sorb blue and violet strongly tend to produce greater contrast. 

If the tissue is to be used as soon as dry, a solution of potassium 
or ammonium bichromate may be used; if, however, it is to be kept 
for three or four days, a trace of ammonia (about .02 per cent) should 
be added. 

The tissue may be sensitized by immersing it in the sensitizing solu- 
tion, or the solution may be applied with a brush. Quick drying sensi- 
tizing solutions containing alcohol or acetone are usually applied with 
a brush. Tissue sensitized with a plain solution of bichromate re- 
quires several hours for drying, while with a quick drying sensitizer 
drying is usually complete within one-half to three quarters of an hour. 
For the occasional worker the use of rapid drying sensitizers is 
recommended. 

Methods of Increasing Sensitiveness of Carbon Tissue.—The 
addition of a mild reducing substance to dichromated gelatin results in 
increased sensitiveness. Among the substances employed have been 
potassium ferrocyanide,* copper sulfate, copper chloride and cobalt 
chloride. F. J. Tritton recommended that the tissue, after sensitizing 
in a 2 per cent solution of dichromate and exposing for % the usual 
time, be placed in a 2 per cent solution of cerous chloride for mount- 
ing instead of water. The time of immersion is stated to be practically 
without effect in the density or gradation of the image.® 

Exposing the Tissue-——With single transfer the print is reversed 
from left to right. With many subjects this is not objectionable. » It 
may be prevented in the case of film negatives by reversing the position 

4 Weingarten, U.S.P. 1,564,161 (1925). 

5Valenta, Phot. Korr., 1914, 327. Eder, Phot. Korr., 1914, 326. 

6 Brit, J, Phot., 76 (1929), 361. Luxor Film G.M.B.H. patented the fuming 


of dichromated gelatin layers with an organic acid, such as acetic, after exposure 
and before development to reduce the exposure. B.P. 289,858 of 1927. 


Warsurc—Dyes as Sensitizers of Carbon Tissue. Phot. J., 57 (1917), 
169. 
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of the negative and printing from the back. Glass negatives may be 
printed from the back also if a single source of light such as an electric 
arc is used at a distance of several feet and the printing frame is not 
moved during the exposure. 

A mask must be used in printing to prevent the pigment image from 
leaving the support during development. The mask should be at least 
¥Y inch wide. 

Either daylight or strong sources of artificial light such as the white 
flame arc, mercury vapor tubes, or Photoflood lamps may be used for 
the exposure. When daylight is used, diffused light is preferable to 
direct sunlight which may cause the tissue to become insoluble. The 
tissue must be kept dry while exposing and in damp weather a sheet 
of waxed paper, or cellophane, should be placed back of the tissue. A 
substantial printing frame with strong springs is required to ensure 
good contact between the stiff tissue and the negative. 

When printing by daylight the time of exposure must be determined 
by means of an actinometer which consists of a scale of numbered 
densities. A strip of printing-out paper is placed beneath the density 
scale and exposed to light beside the printing frame. The amount of 
exposure is determined by examining the paper strip and noting the 
highest number visible in the print-out image. The number which rep- 
resents the proper exposure for a particular negative must first be 
determined by trial. With experience it may be estimated with a fair 
degree of accuracy. 

With artificial light it is usually sufficient to expose by time. Spe- 
cial precautions should be taken to avoid heating the tissue which 
results in a general veiling of the image from the insolubilizing of the 
pigmented gelatin. When using an arc or Photoflood lamp, a fan may 
be used to cool the printing frames. 

The sensitiveness of the tissue depends upon (1) the concentration 
of the sensitizing solution, (2) the age of the tissue, (3) the tempera- 
ture, (4) the color of the tissue. Other things being equal the time 
of exposure is less for violet and blue than for black, brown or red 
tissues. 


BEeKK—Sensitometry of the Pigment Process. Klimschs Jahrb., 28 (1935), 
119. 

BovecK—Sensitometry of Bichromate Gelatin. Proc. Ninth Int. Congress 
of Phot. Paris; “1935. “S.&0P.°Ci1) 76" (1935), 327: 

Harpy AND Perrin—Sensitometry of the Bichromated Gelatin Process. 
J. Franklin Inst., 205 (1928), 197-2109. 
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Transfer.—Transfer is necessary because the insoluble pigment 
which has been formed by the action of light is upon the surface of the 
tissue while the insoluble pigment which must be washed away in order 
to reveal the image lies beneath the image. It is, therefore, necessary 
to transfer the pigment so that the soluble pigment will be on top 
where it can be washed away without affecting the pigment forming 
the image. 

In single transfer, the exposed tissue is transferred directly to the 
final support; in double transfer the image is first transferred to a 
temporary support on which it is developed by washing away the 
soluble gelatin in warm water. From this temporary support it is 
transferred a second time to the final support. 

We will deal with single transfer first. 

The final support may be the gelatin coated transfer paper obtainable 
from dealers, opal, glass, porcelain or metal. These latter must first 
be coated with a 3 per cent solution of bichromated gelatin which after 
drying should be exposed to light for several hours to render the 
gelatin layer insoluble. 

A sheet of single transfer paper is placed in cold water at about 
60° F. (16° C.) for several minutes until it is limp. The exposed 
tissue is then placed in the same water. The tissue will at first curl 
inward and then outward until it becomes practically flat. At this 
point it should be removed from the water and placed face down upon 
the transfer paper, which should have been previously placed upon a 
flat surface with the side coated with gelatin upwards. When the two 
are in contact, a squeegee is passed over the same from center to the 
margin with moderate pressure in order to eliminate air and moisture. 
After being squeegeed into contact the tissue and its support may be 
placed under blotters and allowed to remain for fifteen to twenty 
minutes before development. 

Development.—Place the tissue and its support in water at 
about 95° to 100° F. (35° to 38° C.). Ina few seconds the pigment 
will begin to ooze out around the edges. When this begins, separate 
the corner of the tissue and its support by lifting it with the finger nail 
and pull off the paper that originally held the pigmented gelatin. This 
tissue may be discarded. Holding the print by one corner, gently 
splash warm water over the surface. The soluble pigment will gradu- 
ally wash away leaving the image. Care should be taken not to touch 
the print with the hands or any hard substance as the gelatin is very 
soft and easily injured at this stage. If the print is under exposed, 
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the pigment will wash away very easily while if exposure is excessive 
the pigment dissolves with difficulty and warmer water must be used. 
Highlights may be lightened or detail in dark shadows may be brought 
out at this stage by squirting water from a blow tube against the print, 
or hot water may be poured on the desired portion. 

If the image is too dark, overexposure is indicated. A light print 
with clear highlights from which the pigment has completely disap- 
peared indicates underexposure, or developing in water above the 
proper temperature. Prints which are slightly overexposed may some- 
times be improved by raising the temperature of the water during de- 
velopment or by adding a few drops of ammonia or a 2 per cent solu- 
tion of ammonium persulfate. 

When development is complete, place the prints in clean cold water 
for a minute and then transfer to a five per cent solution of alum to 
remove the bichromate stain and harden the gelatin. Porcelain steel 
enamelled or hard rubber trays may be used for the alum solution but 
tin or zinc vessels, such as may be used for development, are to be 
avoided. The time required in this bath varies, but sufficient time 
should be given to make sure that all of the bichromate stain has been 
removed as any trace which is left will be more noticeable when dry 
than while wet. 

After clearing and hardening in the alum bath, the print is removed 
and well rinsed in water and then hung up to dry. Carbon prints 
should not be forced in drying by heat as there is a danger of the 
gelatin cracking. An electric fan, however, may be used to hasten 
the process. 

Double Transfer—Before development, instead of being at- 
tached to the transfer paper, the exposed carbon tissue is fixed to a 
temporary support. This temporary support may be opal glass or the 
specially coated paper supplied by the Autotype Company. 

Before use, the support must be waxed so that the gelatin image 
may be stripped from the temporary support without danger when 
transferring to the final support. The waxing solution consists of 
one part of beeswax and three parts of resin dissolved in turpentine 
and may be purchased especially prepared. Several drops of this wax- 
ing solution are poured on the temporary support and gently rubbed 
over the surface using a pad of flannelette. The waxing is a simple 
operation but care must be taken that the support is evenly and thor- 
oughly waxed. If a part of the support has not been covered at all 
the gelatin may adhere and the print will then be spoiled. An hour 
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or so must be allowed after waxing before the supports are used in 
order to allow the turpentine to evaporate. It is an excellent plan to 
wax the supports several hours, or on the day before they are to be 
used. 

There is less latitude in development with double than with single 
transfer and the exposure should be as nearly correct as possible in 
order that very hot water may not be necessary for development. 
There is a tendency for the image to blister while on the temporary 
support which is due to a softening of the wax and the use of hot 
water, of course, will cause the wax to soften more than cold. 

The temporary support is placed in water along with the exposed 
tissue and allowed to remain until it becomes comparatively flat. The 
exposed tissue is then squeegeed to the waxed side of the temporary 

‘support and allowed to remain under pressure for several minutes 
after which it is developed in exactly the same way as single transfer. 
After development, the temporary support with its adhering image is 
placed in the alum bath to discharge the bichromate stain and harden 
the gelatin, after which it is rinsed and allowed to dry. Care should be 
taken not to injure the delicate surface during any of these operations. 
Dry the image in a cool place—not in the sun nor by any kind of heat. 

When dry, the operation of transferring the image to the final sup- 
port may be proceeded with. For this purpose double transfer paper 
is supplied in a wide variety of tones and surfaces. The sheet of 
double transfer paper should be larger than the temporary support, 
say 7X9, for 5X7 print. It is placed in cold water and allowed 
to soak for an hour in order to swell the gelatin coating so that the 
image will adhere. After soaking for an hour remove and place for 
a minute or so in water at about 90° F. until the surface feels slimy to 
the touch after which it is again returned to the cold water where it 
may remain until required. The dry print on the temporary support 
is now placed in cold water until flat and limp and is then taken out and 
placed face up upon a smooth flat surface as a sheet of plate glass. 
The sheet of softened double transfer paper is then placed on top of it 
and held in place by one hand while the two are squeegeed into per- 
fect contact with a flat squeegee. The pressure must be sufficient to 
force out the water but not so great as to affect the gelatin. A few 
trials will serve to show the proper amount of pressure to apply. The 
temporary support and double transfer paper are then hung up on a 
line to dry. When thoroughly dry, insert the point of a knife blade 
under one corner and pull the two apart, when it will be found that the 
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image leaves the temporary support and adheres to the double transfer 
paper. If the plate has not been properly waxed, the image may ad-=— 
here to the temporary support in places and the print ruined. This 
may also happen if the gelatin coating of the double transfer paper has 
not been sufficiently softened before use. 

The Gum Pigment Process (Gum-Bichromate).—The gum bi- 
chromate process is one of several which depend upon the action of 
light on a bichromated colloid. Unlike carbon and carbro, there is 
no transfer, and multiple printing is necessary in order to secure a 
full scale of gradation. As a printing medium the gum-bichromate 
process is one of the most flexible and is especially noteworthy for its 
ability to produce deep, rich shadows without any trace of muddiness. 
It is, however, a rather tedious process and in recent years has been 
used less and less. 

Preparing the Paper.—Rough water color or charcoal papers, 
depending upon the size of the print and the amount of detail desired, 
are suitable. 

This is coated first with a sizing solution, the following being a 
suitable formula. 


Bermuda arrowroot.....: 7-20.42 0.5:- go er. 18.7 gm. 
NV ACIS Cre tye emt ene Th nce ener oat 10 OZ. 1000 cc. 


Using a little of the water, make a thin cream of the arrowroot. Then 
heat the remainder of the water to the boiling point and add to the 
arrowroot mixture. As the solution does not keep it must be made up 
fresh for each batch of paper sized. The sizing solution is best applied 
with a Blanchard brush. 

After sizing, the paper is coated with a mixture containing pigment 
of the color desired, gum arabic, and potassium bichromate. The pro- 
portions vary with different workers and according to the paper, the 
negative, and the effect desired. The formulas which follow are due 
to Paul L. Anderson. 


Gum Solution 


Watereeerraetrseteeatiotee eegtieyy aeoteurtteaare 12TOZ, 1000 cc. 

(GuineatapiGuerc eae eee ees ote 2200 gr. 336.6 gm. 
UNTTOMEOOUR EE: iat cel nye Se ed oe ale 270 gr. 44.6 gm. 
Mercuniechloridean ester a. ata hee 15 gr. 2.5 gm. 


Dissolve the mercuric chloride in a small amount of water and then 
add the arrowroot, stirring the same until a thin cream is obtained. 
Then add the remaining water and the gum-arabic. The latter will 
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dissolve more rapidly if suspended in the solution by means of a cheese- 
cloth bag. From sixteen to twenty-four hours will be required for 
the latter to completely dissolve. 

Sensitizing Solution.—The stock solution of sensitizer consists 
of a solution of potassium bichromate : 


Water (Hot). alee wae oe teal teh rn ae aie 15 OZ. 1000 Cc. 
Potassium bichromate......-----++----- 720 gr. 96 gm. 


Both of these solutions keep well. 

The actual mixture used for coating varies with the paper and the 
negative and also with the effect desired. Practically every worker 
develops a different formula after practice and while there may be little 
difference, yet it is better adapted to his own personal methods of 
working. 

However, the following formulas are given for the benefit of the 
beginner : 


Shadow Coating 


(Guicolucion .at tees re eee VY oz. 15 gm. 
Qe TN OAS Ba ace, REO RO Ie ee ae VW oz. 15 gm. 
Ivory black from tube.......---+-+++-++-- yee 3 4 in. 


If the negative has a short scale of gradation it may be possible to 
use the above for all the printings; if, however, this is not the case and 
the negative has a long scale of gradation and prints well with bromide 
or platinum, then it will be necessary to vary the coating mixture so 
as to secure a longer scale. It is generally necessary to make three 
printings; one for the shadows, another for the halftones and finally 
one for the highlights. The following are advised for the halftone and 
highlight coating mixtures. 


ANbERSON—The Gum Pigment Process. Amer. Phot., 7 (1913), 504, 584, 
648, 700, 707; 8 (1914), 8, 12, 76. 

Batry—A Simplified Method of Printing in the Gum-Bichromate Process. 
Phot. J., 63 (1923), 398. 

GRANDMAITRE—Multi-Layer Gum Process. Bull. Soc. franc. Phot., 10 
(1923), 16. 

Lercuton—A Method of Working the Gum-Bichromate Process. Ameri- 
can Annual of Photography (1924), p. 40. 

Lissy-—Multiple Gum. American Annual of Photography (1922), p. 124. 

S1aRNES—The Gum-Bichromate Process and a New Colloid. Phot. J., 58 
(1918), 287; Brit. J. Phot., 66 (1919), 50. 


PRINTING PROCESSES 483 


Halftone Coating Mixture 


Cum tcolution ge piascseeeners tree cist ons V6 oz. Tie 1hy 
SENSICIZER ER rnc etic eS oem casio cie mr: Yo oz. 15 gm. 
lvoryablack trom tubesen cee en ea passin Dain 


Highlight Coating Mixture 


(Cumssolutiontywet la eset i ae Vs oz. LSet. 
SENGILIZER Py gee irts wan fuses A enter Ge Ghee 17.75 CC. 
ivony, black tromutubeance meno eeeiee oer i ans Toye ine 


Increasing the amount of pigment in the coating mixture results in 
a longer range of tones, but the whites tend to be degraded. 

Increasing the amount of gum arabic results in greater contrast, 
while an excess produces a thick film which may chip off in develop- 
ment. Increasing the proportion of potassium bichromate results in 
decreased contrast; an excess produces flat, lifeless prints. 

Coating.—The coating mixture having been prepared, the sensi- 
tizing of the paper may proceed. Rough papers are the easiest to 
coat and the beginner is therefore advised to start with rough paper, 
as Whatman’s. The sheet should be larger than the negative as it is 
next to impossible to secure a perfectly even coating to the very edge 
of the paper. A sheet 11 X 14 will be suitable for either 8X Io or 
10 X 12, while an 8 X Io sheet is sufficiently large fora5 x7. At- 
tach the paper to the drawing board with push pins and pour the coat- 
ing mixture in the center. The paper will be more easily coated if it 
is immersed in water and blotted before being placed on the board. 
For the first 11 X 14 sheet of paper, about one half ounce of the 
coating mixture will be required, while succeeding sheets will require 
somewhat less, owing to the brushes becoming charged with the gum. 
The rubberset bristle brush is used to spread the coating over the 
paper so that every part is covered with the coating mixture. When 
this has been done, the blender comes into play. There are two 
brushes which may be used for blending (one made of fitch and the 
other of badger) and the details of the operation depend somewhat 
upon which is being used. With the former the brush is held nearly 
vertical and drawn slowly and regularly across the paper—always in 
the same direction. When the sheet has been covered in one direction, 
it is again gone over in the opposite direction, to secure a perfectly even 
coating. With the latter, the action may be “whippy,” the vigorous 
handling of the brush lessening as the operation proceeds. The exact 
manner of handling the brush and the time to stop blending will come 
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with a little experience. In general, it may be said that when the point 
is reached where the tendency of the gum solution is to run into small 
puddles, the operation should be stopped whether the surface appears 
completely even or not. Any irregularity will disappear in drying or 
development or will be covered by subsequent printings. As soon as 
the operations are complete the utensils should be washed free from 
the gum solution, as it is very difficult to remove when dry. 

The coated paper should be placed in a dark, dry, and dust-free place 
where there is a good circulation of air to dry. From one to two 
hours will be required for drying at ordinary room temperature. If it 
is not to be used at once, the paper should be stored in an air-tight 
container such as used for carbon tissue. The coating is at its best 
when fresh. 

Exposure and Development——When exposing by daylight an 
actinometer of the type used in carbon printing must be employed to 
determine when the coating has been properly exposed. Artificial 
lights such as the white flame arc and mercury vapor tubes may be 
used, and in this case it is sufficient to expose by time. There is a 
good deal of latitude in exposure, but correct exposure enables water 
at ordinary temperature to be used for development and produces the 
best results. Overexposure may be compensated for to a certain ex- 
tent by raising the temperature or the addition of a few drops of am- 
monia to the water. An underexposed print is useless as the image 
washes away in development. 

To develop, the exposed print is placed face up in a large tray of 
clear water at a temperature of about 65° F. When limp it is turned 
face down, care being taken that no airbells are imprisoned beneath it. 
From time to time it may be examined and transferred to a tray of 
clear water. From %4 to 1 hour will be required for the complete 
development of a properly exposed print. If the image appears fully 
developed in ten or fifteen minutes the print is underexposed and may 
as well be thrown away. If the image does not appear in thirty to forty 
minutes, the print has been overexposed. 

When the solution which drains from the print when removed from 
the water is practically clear, development may be considered complete. 

To lighten any local portions the print may be held under water and 
a stream of water from the tap allowed to fall upon the desired portion, 
or an atomizer used. Greater emphasis may be secured by using hot 
water or by holding the print so that the stream of water falls directly 
upon the surface. Local values may also be lightened by the use of 
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a very soft brush. There is a tendency, for brush work to show 
graininess and for that reason it should be avoided whenever possible. 

If it is desired to darken any part, the coating mixture may be pre- 
pared and applied by means of a brush to the desired portions and the 
whole exposed to light when dry. It is then washed in water for about 
half an hour and dried in the regular way. It is necessary to include 
the sensitizer in order to secure the same tone as the original deposit. 

Multiple Printing—Gum-bichromate is a short scale process 
and to render a full scale of tones, or to obtain the rich luminous 
shadows which are characteristic of the process, multiple printing must 
be resorted to. Usually the result desired may be obtained in 3 print- 
ings, one for the highlights, one for the middle tones, and one for the 
shadows; but at times 4 or 5 printings may be necessary. The pro- 
portions of gum and pigment and sensitizer in the coating mixture vary 
for the different printings as shown in the formulas on p. 482. 

It is necessary in multiple printing to provide means for ensuring 
the accurate superimposition of the images produced by the different 
printings. Many methods have been devised for this purpose.” 

Perhaps as satisfactory a method as any is to use a printing frame 
several sizes larger than the negative. The negative is attached to the 
glass, and near the middle along each side is placed a strip of white 
paper. Prior to the first printing the coated paper is placed in posi- 
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tion over the negative and registration marks placed on each of the four 
sides as shown in Fig. 208. In this way any shrinkage which may 
take place between printings is distributed from the center. 

Gum Bromide and Gum Platinum.—To avoid the difficulties of 
multiple printing many workers have combined gum printing with 
bromide or platinum, using a print made by one of these processes as 
a foundation to supply the necessary depth to the shadows and middle 
tones and a superimposed gum pigment image to secure the charac- 
teristic appearance of a gum pigment print. 

Gum Bromide. A matte or rough matte surface is the easiest to 
coat. No sizing is needed except with harder papers. 

Before exposure the bromide or platinum paper, as the case may be, 
is placed upon the negative and its position registered by any of the 
means already considered. It is then exposed and developed in the 
usual way, to produce an image of the required intensity. 

When dry the print is ready for the gum pigment coating. The 
proportions of gum and pigment in the coating mixture depend upon 
the depth of the foundation print and the effect desired. The gum 
pigment coating is dried, exposed, and developed in precisely the same 
way as a gum-pigment print.® 

Miscellaneous Pigment Processes.—Glue Printing: This is a 
modification of the gum pigment process developed by Heinrich 
Kuehn.? 

Paper is coated with ordinary glue and a suitable pigment. After 
having been sensitized in a solution of potassium bichromate the paper 
base is rendered transparent with paraffin oil or kerosene and the 
exposure made through the paper. The image is developed as in the 
gum pigment process. 

Fresson. This non-transfer process of pigment printing was of 
Belgian origin and has attracted but a small following. A special gum 
pigment paper is sensitized with a solution of potassium bichromate 
and exposed by daylight or strong artificial light. After exposure, 
the print is placed in a tray of cold water and the temperature gradually 
raised to approximately 85° F. After three or four minutes immer- 
sion the pigmented layer becomes “tacky” in places and the print is 
removed and placed on a sheet of heavy glass. Water containing 


8 Davis, “ Gum Bromide Printing,” Amer. Phot. (1921), 15, 53. Zerbe, “Gum 
Platinum,” Amer. Phot, (April 1910). 

® Kuehn, Technik der Lichtbilderi, Innsbruck (1921), 39. Richter, “ The Glue 
Print,” Amer. Phot., 17 (1923), 38. 
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finely ground sawdust is then poured over it. The gentle abrasive 
action of the sawdust removes the softened pigment and gradually 
brings out the image. The image has a pronounced grain or texture 
which, however, is not displeasing with certain subjects.? 

Resinopigmentype. In this pigment process, developed by Prof. 
Rudolph Namias, of Milan, a gelatin coated paper is sensitized in 
potassium or ammonium bichromate, dried and exposed under a posi- 
tive transparency. It is then placed in cold water for several hours 
to eliminate the excess bichromate and transferred to water at GO mes 
(122° F.) to produce a relief image in differentially hardened gelatin. 
A resinous pigment, impervious to water (as gum dammar shellac, 
bitumen or dragons blood with a suitable pigment) is then applied with 
a brush. The pigment adheres to the swollen portions of the image 
(after the surface moisture is removed) but not to the hardened por- 
tions, thus forming a pigment image." 

Sury’s Process.” J. Sury, of Belgium, patented in 1914 a powder 
process in which paper was coated with gelatin, gum arabic, or albumen 
to which was added a fine colorless powder to produce an inert and 
matte surface. The paper was sensitized in a bichromate, dried and 
exposed under the negative to daylight or strong artificial light. After 
exposure the paper was washed in water to remove the soluble por- 
tions of the colloid and dried. Finally, pastel colors were applied, the 
powder added to the colloid coating providing a “ tooth” and the image 
worked up. The process attracted only a small following and the 
paper is no longer available commercially. 

Powder Processes. Practically none of the processes described in 
the older works on photography have survived nor is there much in- 
terest in the subject today. It may be useful, however, to call atten- 
tion to the fact that a developed silver image, such as a bromide print, 
may be converted into one which will accept an inert pigment by bleach- 
ing in ferric chloride and tartaric acid,‘* ammonium persulfate, and 
peroxide. Wall recommended the following process *° 

The bromide print, which should have been fixed in plain hypo and 
not in an acid fixing and hardening bath, is transferred directly from 
the last wash water to the following solution: 

10 Mauret, Amer. Annual of Phot., 43 (1929), 179. 

11 Namias, B.P. 205,092 of 1922, Brit. J. Phot., 72 (1925). 

12 B.P. 21,958; Brit. J. Phot., 61 (1914), 748. 

13 Capstaff, U.S.P. 1,315,464 (1919). 

14 Liesigang, Phot. Archiv., 39 (1897), 161. Andresen, D.R.P. 103,516 (1898). 

15 Amer. Phot. (1924), 428. 
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Cupric sulfate: ce mencce eo eeee 28 gr. Fy gms 
INitticlacid. spake ca aoe a Acie oe ee 45 min. 6: ec: 
POvassiliin DrOnude ye aa eae ae 4 gr. 0.5 gm. 
Elydrogem peroxden, A. 4).2.0 ae eee 136 fl. oz. 100 cc. 
Water to miakeriece sus oor. ct £G Oz: 1000 cc. 


which should be used at a temperature of 70° F. (21° C.). The dura- 
tion of the action ranges from 5-20 minutes, being dependent probably 
on the emulsion. 

For the powdering of the image any inert pigment, black or colored, 
may be used, but it should be as finely ground as possible, or the re- 
sults may show an undesirable amount of grain. The powder may 
be applied either with a very soft brush or by means of a little sieve 
having a bottom of the finest muslin. Some of the powder is placed 
in the sieve which is held over the image and tapped with the finger. 
This method is perhaps preferable when using a pigment containing 
rather coarse particles. 


CHAPTER’ XXV 


PRINTING PROCESSES: CARBRO AND BROMOIL 


Chemistry of Processes Based upon the Insolubilization of Bi- 
chromated Colloids by Finely Divided Silver—Carbro and brom- 
oil are the most important of a number of printing processes, based 
upon the discovery by Howard Farmer, in 18809, that in the presence 
of gelatin, the bichromates are reduced by finely divided silver so that 
when a bromide print is immersed in a solution of bichromate, the 
gelatin in contact with the silver image is rendered insoluble without 
exposure to light.t 

In the carbro process (carbon from bromide prints) the carbon 
tissue is sensitized by immersion in a solution of potassium ferri- 
cyanide, potassium bichromate and potassium bromide. ‘The tissue is 
then placed in contact with the wet bromide print. While the two 
are in contact certain chemical reactions take place which produce an 
image in the carbon tissue similar to that formed upon exposure to 
light under a negative. The carbon tissue after having been trans- 
ferred to a suitable support is developed as in the carbon process. 
The carbro process thus provides a means of making carbon prints 
from a bromide print, utilizing the finely divided silver of the bromide 
print rather than light as the means of differentially hardening the 
gelatin. 

1B.P. 17,773 of 1880. 


ButLtock—Theory of the Carbro Process. Phot. J., 67 (1927), 213. 

Murray AND SPENCER—The Hardening of Gelatine by Means of Copper- 
Dichromate Solutions. Phot. J., 73 (1933), 497. 

Licuton—Theory and Practice of the Carbro Process. Phot. J., 67 
(1927), 362-372, 409-420. 

Scu1et—Bromoil Printing. Phot. Rund., 63 (1926), 55-58, 97-99, 182- 
186. 

Scu1et—Chromic Acid Bleach and its Reaction Product. Phot. Korr., 63 
(1927), 117-120. 

ScuroMMER—Gelatin Hardening in Chromate Processes. Phot. Rund., 
63 (1926), 120-122, 138-141. 

Tritton—Theory of the Carbro Process. Phot. J., 66 (1926), 126-133. 

Venn—Further Researches in the Bromoil Process. Brit. J. Phot., 73 
(1926), 384-386, 401-404. Te 
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In the bromoil process, a bromide print is bleached in a solution 
containing a bichromate, or chromic acid, potassium bromide and either 
potassium ferricyanide or a cupric salt, usually the chloride or the 
sulfate, which results in the tanning of the gelatin in contact with the 
grains of silver, thus producing an image in differentially hardened 
gelatin. The bromide print is then soaked in water which is repelled 
by the unhardened gelatin. An oil pigment is then applied with a 
brush. The pigment adheres to shadow portions of the image but is 
repelled by the highlights which are more or less saturated with water. 
Thus there is built up a pigment image on one of differentially hardened 
gelatin. 

From a chemical standpoint the two processes are essentially the 
same; the mechanism of the two processes, however, is somewhat dif- 
ferent, as in bromoil the insolubilization of the gelatin takes place in 
the film containing the image, while in the carbro process the insolu- 
bilization has to be produced in another layer of gelatin by diffusion. 

The probable reaction here is first the bleaching of the silver image, 
resulting in the formation of silver bromide and potassium ferro- 
cyanide. This is reoxidized by the bichromate back to ferricyanide, 
the reduction of the bichromate resulting in the insolubilization of the 
gelatin. With copper salts the reaction is essentially the same, the 
cupric salt and bromide reacting with the silver image to form cuprous 
bromide, which is reoxidized by the bichromate into a cupric salt, the 
reduction of the bichromate resulting in the insolubilization of the 
gelatin. Hypothetical reactions can, and have been, written to repre- 
sent these reactions but the objection to all such equations is that while 
they show what can take place, there is little evidence to show that it 
does take place. Consequently, it does not seem worth while, at the 
present time, to attempt to represent the reaction in the form of a 
chemical equation.” 

The Carbro Process.—Any standard make of smooth or semi- 
matte bromide paper is suitable, for the bromide print, although one 
without a super coating (non-abrasion) is preferable. The super 

2 Namias, Phot. Jl., 42 (1912), 57; Brit. J. Phot., 59 (1912), 217. Eder, Hand- 
buch, 4 (1917), 279. Venn, Brit. J. Phot., 71 (1924), 427; 72 (1025), 110. 
Lighton, Phot. Jl., 66 (1926), 545; 67 (1927), 362. Tritton, Phot. JI., 66 (1926), 
126. Schdmmer, Phot. Rund., 63 (1926), 120, 138. Schiel, Phot. Rund., 63 
(1926), 55, 97. Schrott, Bromoil Printing and Transfer by Mayer, American 
Photographic Publishing Co., Boston. Murray and Spencer, Phot. JI., 73 (1933), 


a Bullock, Brit. J. Phot., 70 (1923), 491. Van Kleef, Zeit. Wiss. Phot., 8 
), 435. 
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coating occasionally results in granularity and a loss in the highlights. 
Some improvement may be effected by making the print darker. 

If developing-out papers of silver chloride are used, the print should 
be made darker than would be necessary for a bromide print, and 
before use, it should be bleached in the usual ferricyanide-bromide 
solution as used for sepia toning (p. 442) and redeveloped in an 
ordinary developer. 

The print, whether on a bromide or a chloride paper, should receive 
full exposure and development. A slight burying of the gradations 
in the shadows is not objectionable as these gradations will be retained 
in the pigment image. 

Where the water supply contains lime, it is well to place the print, 
after fixing and washing, in a solution of hydrochloric acid and water 
(3 parts concentrated hydrochloric acid to 100 parts of water) for 
5 minutes, then wash for ten minutes. If this is not done there is a 
danger that the lime formed within the bromide print will prevent 
complete bleaching of the highlights with the result that they wash 
away in the development of the carbro. 

Should any spotting be required, or it is desired to darken certain 
portions in such a way that the result will be reproduced in the carbro 
print, one may use water color containing India ink. All such altera- 
tions are reproduced in the carbro print with as complete transference 
as any part of the image. 

Sensitizing the Carbro Tissue.—For this purpose the following 
stock solutions are required: 


Concentrated Solution No. 1: 


Rotassiummebichromate) cm aad toe I OZ. Io gm. 
Potassium terricyanides s+ a4 oe ne 157: 10 gm. 
Potassiirm DLOmide see | ae akan te ee I OZ. Io gm. 
Watertio-mea ket. «ston cys ae eit 20 OZ. 200 cc. 
Concentrated Solution No. 2: 
Glactalvaceticiacid terri yes I OZ. 10 cc. 
iy drochlogie acid (pure) a. ae I oz. 10 cc. 
Formaldehyde 40 per cent............ 22 OZ. 22 ONCE: 


BraHamM—The Carbro Process. Phot. J., 62 (1922), 16; Brit. J. Phot., 69 
(1922), 4. 
FaRMER—The Carbro Process. Amat. Phot. (1919), p. 285; Brit. J. 

Phot., 66 (1919), 583; Amer. Phot., 14 (1920), 92. 
Garon—Revised Formulae for Carbro. Brit. J. Phot., 68 (1921), 327. 
LicHton—Sharpness of Reproduction in the Carbro Process. Phot. J., 


66 (1926), 545-551. 
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The addition of 114 oz. or 12 cc. of water to the above will prevent 
precipitation in cold weather. 
For use take: 


First Bath: 
Concentrated No. I stock solution...... 6 oz. 100 cc. 
Waterttowunakes cme oo etaeeee 18 oz. 300 Cc. 
Second Bath: 
Concentrated No. 2 stock solution...... I oz. Io cc. 
Waterstoitakecn sce corr aso oe os ete 32 OZ. 320 cc. 


The above English and metric weights are not equivalent but are 
proportionate. 

The first bath may be used for a number of prints, but the second 
bath is affected by the number one bath carried over into it with the 
pigmented tissue so that it must be renewed frequently. 

The first and second baths should be as near the same temperature 
as possible and not colder than 60° F. nor warmer than 70° F. (15°- 
20° C.). A low temperature results in light prints lacking in contrast 
and a high temperature in dark prints with clogged shadows. 

The working baths having been made up, the sheet of carbon tissue 
is immersed in No. 1 bath by sliding it under the surface of the solu- 
tion. Remove any air-bells on the face of the tissue and then turn it 
face downwards. After two minutes the pigmented tissue should be 
again turned face upwards and allowed to remain for another minute. 
Then lift it up by the corner and let it drain for 15 seconds. Finally 
grasp it by two corners and slide it face up into solution No. 2. 

The time of immersion controls the depth and contrast of the carbro 
print and the correct time in the second bath depends upon the degree 
of contrast required, the brand of paper employed for the print, the 
degree of contrast of the print, the hardness of the water, and, to a 
minor degree, by the number of carbro prints which have been made 
from the print. The shorter the time of immersion the greater the 
contrast of the carbro print; increasing the time in the second bath 
results in less contrast. Prolonged immersion produces a pale and 
flat carbro print; a short time results in a dense print lacking detail 
in the highlights which in extreme cases may wash away entirely. 

The normal time is from 20 to 30 seconds. If the water supply is 
very soft the time of immersion is less and under such circumstances 
the solution may be diluted with one-half the total quantity of water. 

Making the Print—The number of seconds decided upon hav- 
ing elapsed, the pigmented tissue is lifted from the bath and laid upon 
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the bromide print which should have been previously soaked in water 
for 7 hour and laid upon a sheet of glass or upon the squeegee board 
illustrated in Fig. 209. Once the two are in contact their relative 


The upper drawing shows the hinging of the clamping strip at the 
requisile height above the base. In the lower drawing is indicated 
the-edging of studded rubber. 


Fic. 209. Squeegee Board for Carbro (Farmer) 


positions must on no account be altered as the action begins immedi- 
ately and a change in position would produce a blurring of the image. 
As soon as the pigmented sheet is in contact with the bromide print a 
rubber squeegee is brought into play and the superfluous water forced 
out by firm, straight strokes. 

The bromide print with its adhering sheet of carbon tissue is then 
lifted from the glass or squeegee board, placed between greaseproof 
paper and allowed to remain for 15 minutes for the action of the 
insolubilizing solution to take place. 

The proper amount of pressure in squeegeeing is a matter of impor- 
tance. If the bromide print and the pigmented tissue adhere tightly 
and force is required to separate them, the pressure has been too great ; 
on the other hand if they tend to separate of their own weight, greater 
pressure should be applied. Lack of sufficient pressure leads to light 
carbro prints. 

Transfer.—The sheet of transfer paper, which has been soaking 
in water for at least 15 minutes, is now placed on a sheet of heavy 
glass, laid flat on the working table, a glass of water poured over it 
so as to leave a pool of water on the surface. The pigmented tissue 
is now stripped from the bromide print, squeegeed into contact with 
the tissue, and placed between blotters under light pressure for 20-30 


494 PRINTING PROCESSES 


minutes. Heavy. pressure leads to difficulty in developing. The 
longer the time elapsing before developing, the darker the carbro print, 
as the action continues. 

Developing the Carbro.—The carbro print is developed in the 
same manner as a carbon print (which see) but with water at a lower 
temperature (95°-100° F., 35°-38° C.) as the soluble gelatin leaves 
the tissue at a lower temperature and more readily than with a carbon 
print made in the usual way by exposure beneath a negative. 

When development is judged to be complete, the print is removed, 
raised in clear cold water and placed in a 5 per cent solution of alum. 
This removes the yellow stain left behind by the bichromate and ferri- 
cyanide and hardens the image. Care should be taken that the action 
of the alum is complete as the yellow stain is much more apparent when 
the print is dry than when wet. In commercial practice it is well to 
use two baths of alum; immersing the print until apparently clear in 
the first, then transferring to the second for 3 or 4 minutes. 

After removal from the alum bath the print should be rinsed well 
in cold water and hung up to dry. Heat should not be used to hasten 
drying. 

Treatment of the Bromide Print—Wash the bleached bromide 
print in water for 15 to 20 minutes and redevelop in the usual devel- 
oper. Development must be complete. Fixing is unnecessary; after 
development wash the print for 10-15 minutes in running water and 
dry. When dry it is again ready for use. Succeeding carbro prints 
will be darker and have greater contrast than the first. This may be 
overcome by increasing slightly the time of impression in the No. 2 
bath. 

Carbon on Bromide.—If desired the pigment image can be de- 
veloped on the bromide print instead of transferring to a new paper 
support. The procedure is just the same except that when the fifteen 
minutes of contact between the bromide and the pigmented tissue have 
elapsed, instead of stripping off the pigmented paper, both it and the 
bromide print are placed in warm water and developed as already de- 
scribed. The print then consists of a pigment image over the bleached 
image of the bromide print. This last may be allowed to remain, 
redeveloped or removed by means of the ordinary ferricyanide-hypo 
reducer. 

As the yellow color of the bleached image alters the tone of the 
finished print and since it darkens slightly on exposure to light it is 
advisable either to redevelop the bromide image or to remove it com- 
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pletely. Redevelopment of the silver image darkens the print since 
in this case the resulting print has the depth of the two images; one 
of silver and the other of carbon. This property may be used to ad- 
vantage in dealing with weak negatives from which it is impossible 
to get sufficient richness in the ordinary way. 

Causes of Failure.— 


White Spots: Bubbles or airbells adhering to the tissue during sensi- 
tizing or to air being imprisoned between the bromide print 
and the sensitized tissue. White spots on the carbro are al- 
ways accompanied by corresponding dark, or unbleached, spots 
on the bleached bromide. 

Dark Spots: Dark spots on the carbro are due to insufficiently washed 
prints. 

Frilling at the Edge: Lack of a safe edge, i.e., white margin on the 
bromide print. 

Bad movement during squeegeeing. 

Blisters: Air trapped between the pigment paper and the transfer 
paper. 

The Carbro is Devoid of Highlight Tones: This is due to an excess 
of lime or chalk in the water used for washing the bromide 
print. The remedy is to place the bromide print for 5 minutes 
in a solution of hydrochloric acid (three parts acid to 100 parts 
of water) and wash for ten to twenty minutes in running water. 
Insufficient immersion in the No. 2 bath. 

Light Prints Lacking in Contrast: Weak squeegeeing. Prolonged im- 
mersion in the No. 2 solution. 

Dark Prints, With Strong Contrast: Insufficient immersion in the No. 
2 bath. 

Double Image: Shift in the tissue or transfer paper when squeegeeing. 


Bromoil.—The bromoil process, in brief, consists in making a 
good bromide print in the ordinary way, bleaching this in a solution 
which produces an image in differentially hardened gelatin, and finally 
applying pigment with a brush to form an image. Owing to the fact 
that an ordinary bromide print is used, neither daylight nor an enlarged 
negative is necessary. 

The Choice of the Paper for the Bromide Print.—To be suitable 
for the bromoil process, the bromide paper should have a hard, durable, 
and well-sized paper base, with an emulsion rich in silver and thickly 
coated. No hardening substances should be added to the emulsion in 
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the course of manufacture nor should the paper have a super-coating. 
The bromoil process is based upon tanning of the gelatin in exact 
proportion to the original silver deposit. If the emulsion has been 
hardened in manufacture, the gelatin is already tanned to some extent 
and has lost much of its swelling power, so that it is difficult to obtain 
the degree of relief necessary for pigmenting. 

A number of manufacturers supply bromide papers especially de- 
signed for bromoil, and for the beginner these are to be preferred. 

To determine whether a particular brand of paper is suitable for 
bromoil, an unexposed sheet should be dipped in water at a temperature 
of 86° F. (30° C.) and the behavior of the gelatin observed. If this 
swells up considerably and becomes slippery and shiny, the paper has 
the necessary swelling power and can be used for bromoil.* 

The Bromide Print.—The best bromide print for the bromoil 
process is one which has received correct exposure and development 
for a period slightly less than that required for full depth. The 
shadows should be a deep gray and not the maximum black which the 
paper will produce. The highlights, on the other hand, should be a 
trifle darker than would be considered proper for a bromide print. If 
the factorial method of development is employed, the factor normally 
employed should be reduced by approximately one-third. Diamino- 
phenol, which is without tanning action on gelatin, is widely used as 
a developer but metol-hydroquinone may be used. In either case the 
solution should be fresh, as the oxidation product present in a used 
developer may result in partial tanning of the gelatin. 

The print should be fixed in plain hypo solution or in one made 
acid by the addition of sodium bisulfite. An acid fixing and hardening 
bath is to be avoided as, owing to its hardening action, considerable 
difficulty is experienced in securing the necessary relief. 

After fixing, the prints should be thoroughly washed as the slightest 
trace of hypo will cause trouble in bleaching. 

The prints should have a plain white margin of at least one-half 
inch. 

Bleaching Bromide Prints——The functions of a bleaching solu- 
tion are two in number: (1) it removes the visible silver image and 
(2) produces a tanning of the gelatin film in proportion to the amount 
of silver present in the image. 

The usual bleaching solution contains a bichromate (potassium bi- 


8 Mayer, Bromoil Printing and Transfer, American Photographic Pub. Co., 
Boston. 
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chromate) or chromic acid, potassium bromide, or sodium chloride, 
and a cupric salt, usually either the chloride or the sulfate. 

Bleaching and tanning may be carried out simultaneously in a single 
bath or separately in two baths. Of the many formulas for combined 
bleaching and tanning solutions, two must suffice. 


CU) ee Are Copper sulfate acta eee 34 oz. 200 gm. 
NVaLetOmetiemi nest 1a reer a mee 31% oz. 1000 ccs. 
B. Potassium bromide......... es Nes 34 OZ. 200 gm. 
WWALCHECO tary eriewen: Ace hoe nek Recon SE 2 314 oz. 1000 ccs. 
C=) Potassium! bichromates ass. 150 gr. 10 gm. 
NW VALCESCO Mahe eee. Cree tee RL a 34% oz. 1000 ccs.* 


AGRON oe ten ee Rn Re Se alg CR gD OY 2eeOZs 60 cc. 
ee ty ES a Fe Re EA A aN DOZs 60 cc. 
CR ee ee PE Ee as 2% oz. 2ZOWCC 
IW Aber EO a pacar trea chs cite tore tens I5 ozs. 450 ccs. 
Hydrochloric acid (conc.).......... 15 drops 
(2) = Coppersulfate (10%, solution) hase ee ee aac 96 cc. 
Potassium bromide (10% solution)................. TaIce, 
CGhronicaeds (ic solution)Recrere ree ee 27ECC 
\Waterstonmake waaay ia manne aah ala capers ace ae fale 1000 cc.® 


The following formulas for bleaching and tanning in separate 
operations are due to Venn.® 


Bleaching Solution (No. 1) 


Cupricrsulfates(tooucolution) meena an eache ar 95 parts 

Potassium bromide ‘(10% solution).:.......... 5 parts 
Tanning Solution (No. 2) 

Potassium bromide (10% solution)............ 20 parts 

Potassium bichromate (1% solution)........... 10 parts 

Watets Corina Kenya eee earl tiene he etee ey eres 100 parts 


The first bath may be used for a number of prints in succession ; 
the second should be renewed more frequently. 

The temperature of the bleaching and tanning solutions should be 
uniform and between 55° and 65° F. 

Approximately five minutes will be required in the second bath, after 
which the prints should be washed thoroughly in running water, and 
then fixed for two minutes in a I0 per cent solution of hypo. If the 

4Mayer, Bromoil and Bromoil Transfer. 


5 Crowther, Amateur Photography, 1921, 446. 
6 Brit. J. Phot., 71 (1924), 427. 
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print is not washed thoroughly before being placed in the fixing bath, 
general tanning will be produced through the interaction of the hype 
and the substances remaining in the print from the tanning solution. 
An acid fixing and hardening bath must not be used for fixing. 

After fixing, the print should be washed in running water for 5 to 
10 minutes and dried. Some papers do not need to be dried at this 
stage but it is usually advisable. 

Producing the Relief—When ready to begin pigmenting, the 
print is immersed in water and the gelatin allowed to swell. The de- 
gree of swelling is controlled principally by the temperature of the 
water and, to a lesser extent, by the time of immersion. The higher 
the temperature of the water in which the print is soaked, the greater 
the swelling and the more pronounced the relief. With insufficient im- 
mersion, or the use of cold water, the degree of swelling will be in- 
sufficient and such prints will, when pigmented, have a short scale of 
gradation with poor tones. The use of excessively warm water, on 
the other hand, will produce a pronounced relief which, when inked 
up, may produce a result having greater contrast than is desirable. 

If the degree of relief is correct, the print will accept the pigment 
from the brush readily and in doing so will differentiate between the 
highlights and the shadows. After bleaching and washing, the white 
margins should be very slippery to the touch. If the print is held up 
by one corner, the straight edge on the margin should be plainly visible. 

To determine whether the print is in the proper condition for pig- 
menting, Dr. E. Mayer suggests that the tip of the finger be passed 
over the surface gently. With a print in the proper condition the 
deep shadow portions will feel like very fine sandpaper, that is, grainy 
and slippery, jelly-like in the highlights, and particularly so along the 
clear margins. 

Water too warm causes over-swelling and the highlights do not take 
the ink. 

The vital factor in putting the print in shape for pigmenting is the 
adjustment of the swelling of the gelatin to the viscosity of the pig- 
ment. Either the print may be soaked at a fixed temperature and the 
consistency of the pigment adjusted to suit the degree of swelling, or 
the degree of swelling is adjusted by variation in temperature of the 
water bath in which the relief is raised to suit the pigment as supplied. 

Different papers vary as regards the temperature necessary for pro- 
ducing the best relief. Some are ready for pigmenting after soaking 
for several minutes in water at ordinary room temperature. Others 
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require as high as 90° F. (32° C.) or more; the general average being 
about 75°-80° F. (24°-27° C.). The worker must learn by experi- 
ence the temperature to use for his particular brand of paper and 
manner of working, always remembering that it is best to start with a 
rather low degree of relief, which may be raised easily, if required, 
by soaking in warmer water, while a relief once too high can be re- 
duced only with difficulty. Should soaking in warm water at a tem- 
perature of 95° F. (35° C.) be insufficient to produce the desired de- 
gree of relief, the print may be immersed in a 1 per cent solution of 
sodium carbonate as recommended by E. Guttmann. As a rule, how- 
ever, this method should be used only as the last resort. 
Pigmenting.—The brushes employed for applying the pigment 
are especially made for the process and may be obtained from dealers. 
They are made of fitch hair and the end is cut at an angle as shown in 
Fig. 210. To begin with, three brushes will serve, numbers Io and 


Fic. 210. Proper Position of the Brush in Pigmenting (Mortimer and 
Coulthurst, The Oil and Bromoil Processes) 


14 and a smaller one for-detail work. As the worker progresses, addi- 
tional brushes will be found convenient in order that a fresh brush 
may be used when it is necessary to apply pigments of different con- 
sistency to any part of the print. 

Brushes should be kept in good condition, not only because they 
are expensive, but because the quality of the work depends to a large 
extent upon their condition. After use, the brush should be thor- 
oughly cleaned with gasoline, carbona, or a similar solvent and washed 
in soap and water until free of both solvent and pigment. Take care 
not to get the brushes out of shape while cleaning, and when they are 
thoroughly cleaned, wrap in a piece of white paper and place a rubber 
band around the handle in order to keep the brush in its proper shape. 

The thick, greasy inks used for pigmenting are similar to those used 
for lithography and are obtainable in various colors and degrees of 
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consistency. The Sinclair “ Permanent ” Pigment as well as the 
Drem Pigments of Dr. E. Mayer may be recommended. 

It is necessary to keep the print wet from underneath during pig- 
menting and for this a pigmenting pad is used. Pads are a commercial 
article and may be obtained from any of the dealers carrying oil mate- 
rials or one may be improvised from a sheet of glass and four or five 
sheets of blotting paper. Soak each sheet of blotting paper in water 
until thoroughly wet and then place on top of one another upon the 
glass plate. Upon this spread one or two thicknesses of muslin or 
cheesecloth. Then remove the print from the wash water and place 
on top of the pad. With a blotter or piece of silk take off the excess 
moisture, being careful not to make the surface wholly dry. Only take 
off the excess water. It will be noticed that the image stands out in 
relief and the appearance of the print at this stage is a good indication 
of the way it will take the pigment. The greater the relief the more 
readily the ink will take. 

Squeeze out a very small quantity of pigment on the palette. Only 
a small quantity is needed, as a piece the size of a pea will do for 
several 8 X 10 prints. Instead of a palette the glass side of an old 
negative may be used. Spread the pigment out in a thin layer with 
the palette knife and tap the brush on the same so as to take up the 
pigment on the end of the hairs. When the brush has become charged 
with the pigment, work it around on a clear portion of the glass in 
order to distribute the pigment evenly. It is well to prepare pigments 
of two consistencies at the beginning, since it is rare that the same 
pigment can be used throughout the operation owing to the fact that 
some parts of the image require a softer pigment in order to make the 
pigment adhere. Either linseed oil, Robertson’s medium or megilip 
may be used to soften the hard ink. Only a trace of any one of these 
is necessary to completely change the ink and, therefore, they should 
be added with caution. 

The method in which the brush is used to apply the pigment varies 
greatly with different workers. Some have a pressing, smudging ac- 
tion, while others simply dab the brush on the surface. It is difficult to 
give any precise directions on this point and with practice one will 
develop a distinctive method of his own. 

It is well to begin pigmenting with the ink as it comes from the 
tube and continue until the image is distinct and the shadows well 
defined when it may be desirable to change to a softer pigment. It is 
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easy to tell when more pigment is needed, for the brush will begin to 
pick up the pigment instead of depositing it. 

To lighten any portions which have been over-pigmented, the opera- 
tion known as hopping is used. In this, the brush is held vertically 
and allowed to drop upon the surface from which the pigment is to 
be removed. Wire holders are supplied to hold the brush so that 
hopping may be carried on without fatigue. 

Do not be afraid to apply plenty of pigment, but do not try to put 
it all on at once. Smooth it down to an even tint on the palette and 
take up a little on the brush at a time. When this is exhausted, take 
up more. A smooth, even tone will result if plenty of pigment is used 
and thoroughly worked into the surface. If the pigment is not well 
worked in, the print will be weak and “ gritty ” and the tone will be 
impure. 

All detail which is to appear in the finished print should be apparent 
after the first inking. If parts of the image are inked strongly before 
the desired details appear, it is difficult to ink these later. 

Particular care is necessary, especially in the case of large prints, 
or where a long time is required for pigmenting to keep the paper 
thoroughly wet. To this end it is well to soak the print in water fre- 
quently during pigmenting.’ 

Troubles in Pigmenting.— 

Highlight areas repell soft ink. 
Excessively swollen prints. There is no remedy. 
Print refuses to accept ink. 
Paper is not suitable for the process, bleaching solution incor- 
rectly prepared. There is no remedy. 
Print inks up as a negative. 
The ink is too soft. Clean up and apply harder ink. 
Print accepts nk but more or less evenly. 
Insufficient swelling. Use a warmer water bath for soaking. 
Spots appear attracting more ink than the surrounding areas. 
Insufficient swelling in spots due to air bubbles or fault of bleach- 
ing from the presence of hypo in the bromide print. 
Small white spots which refuse to take the ink. 
Drops of water on the surface. If the spots move with the brush, 
the water is on the brush.® 

7 Grimwood, Brit. J. Phot., 72 (1925), 320. Usher, Brit. J. Phot., 75 (1927), 

1o1. Fiedler, Photofreunde, 4 (1924), 13. Namias, Brit. J, Phot., 61 (1914), 


626. Gabriel, Brit. J. Phot., 76 (1929), 543, 559. 
8 Mayer, Amer. Phot. (1925), 506. 
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Bromoil Transfer.—Bromoil transfer, as its name indicates, con- 
sists in transferring the pigment from the bromoil print to a piece of 
plain paper. As the oily pigment lies on top of a more or less tanned 
and swollen gelatin it will leave the bromoil print and adhere to a 
piece of moist paper when the two are brought together under pressure. 
Transfers, accordingly, have a distinctive appearance which is unlike 
other pigment processes since in these the image forming pigment is 
either incorporated in or lies over a colloid layer, while in transfer the 
pigment lies on a plain uncoated paper. 

Preparation of the Bromoil for Transfer—Any bromide paper 
which is suitable for the bromoil process n.ay be used for the bromoil 
prints from which a transfer is to be made. 

Bromide papers having a super coating (that is, a second gelatin 
layer to protect the emulsion and prevent abrasion markings) may be 
used under certain conditions.® 

To obtain a transfer of good quality soft ink must be used in pig- 
menting the bromoil as it is impossible to transfer hard ink with cer- 
tainty, owing to the tenacity with which it adheres to the original 
bromoil. Soft ink, however, cannot be used unless a high relief is ob- 
tained or the ink will adhere to the highlights of the bromoil and a 
print of the proper gradation cannot be obtained. Consequently it is 
necessary to start with a rather high relief; this fact must be borne in 
mind when the print is being made ready for pigmenting and the tem- 
perature of the water in which the swelling takes place regulated ac- 
cordingly. The use of a high temperature, however, may cause the 
gelatin in the highlights to soften to such an extent that it pulls off 
in pigmenting or in transfer. When this occurs it is well to make use 
of ammonia as previously described. As the ink is more easily trans- 
ferred from the highlights than from the shadows, in consequence of 
the greater relief of the former and the fact that owing to the tanning 
of the gelatin the pigment in the shadows is more strongly retained 
than in the highlights, the contrast of the transfer is usually much less 
than that of the bromoil. In pigmenting, therefore, the bromoil is 
made considerably more contrasty than would be required where it to 
be left as it is. Owing to the fact that the transfer of ink in the 
shadows may not be complete, it is the practice of many workers to 
considerably over ink such portions in order that the transfer may have 
the proper depth in the shadows. To reach the same end other work- 
ers have recourse to multiple transfer; the first bromoil being inked 


® Symes, Brit, J, Phot., 70 (1923), 103. 
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normally and transferred, then reinked, paying especial attention to 
the shadows. 

Transfer Papers.—The best papers for transfer are those used 
for copper plate printing, but water color and drawing papers of good 
quality are suitable as a rule. Very rough or absorbent papers may 
require sizing to keep the pigment on the surface of the paper. A 
2 per cent solution of arrowroot may be used for this purpose. 

As a general rule, the transfer.paper should be used dry. Some 
few papers, however, must be slightly damp. In this case two sheets 
of blotting paper should be thoroughly and evenly dampened and the 
sheet of transfer paper placed between them, under slight pressure, 
for several minutes. As different papers require different treatment, 
one should use a particular paper until thoroughly familiar with its 
characteristics. 

As a general rule, the more absorbent the paper the better the trans- 
fer of pigment. If the paper is too wet the pigment transfers with 
difficulty, or not at all, and the transfer is smeary. The proper condi- 
tion is very important and must be learned by experience. 

Transfer of the Pigment Image.—A number of presses, similar 
to those used by copper plate printers, are available commercially.?° 

The primary requirements of a satisfactory press are two in number: 
(1) The pressure on the rolls must be absolutely even and capable of 
regulation by the operator, and (2) one must be able to examine the 
condition of the transfer at any time without danger of shifting the 
position of the bromoil or the transfer. 

As soon as pigmenting is complete the bromoil is ready for the trans- 
fer. For this purpose we require, in addition to a suitable press, two 
sheets of blotting paper, three sheets of thick, hard, glazed pasteboard 
and a pad of felt—all of which should be at least double the length 
of the bromoil print. On one of the sheets of pasteboard is placed 
one of the sheets of blotting paper and on this the pigmented bromoil, 
face up. Over this is placed the transfer paper, and over this another 
sheet of blotting paper. These two sheets of blotting paper serve the 
purpose of absorbing the moisture squeezed from the bromoil print 
which might otherwise cause trouble. Finally a sheet of pasteboard 
is placed over the blotting paper, then over this the felt pad and lastly 
another sheet of pasteboard. 

10 As for example, those of the Autotype Company, Sinclair, Drem, and 
Partington. See also: Prett, Brit. J. Phot., 70 (1923), 300. Santeul, Brit. J. 
Phot., 70 (1923), 301. 
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The entire pack is now inserted between the rollers and carried 
through once with a uniform motion and with but slight pressure. 
The pressure is then increased slightly and the pack carried back 
through the press in the opposite direction. Then the top of the press 
pack is removed, the cover of the transfer paper raised and the appear- 
ance of the transfer examined. If the transfer of ink is only slight, 
the press pack is replaced and carried through the press again with in- 
creased pressure. Then if the shadows still lack intensity registration 
marks should be made, the bromoil print removed, resoaked in water 
and the shadows pigmented after which the bromoil is placed on the 
transfer paper, its position registered, and again passed through the 
press. The pressure should not in any case be so great that the rolls 
can be started only by a decided effort; they must always move easily 
and smoothly. Repeated slow passage of the press pack through 
moderately tightened rollers is always more advantageous than a single 
passage under very heavy pressure. With heavy pressure there is_ 
likewise the danger of destroying the bromoil, as the gelatin film in its 
swollen condition may adhere to the transfer paper. This trouble, 
however, is occasionally met with when using some papers with only 
a moderate amount of pressure. To prevent this, Dr. Mayer suggests 
that the transfer paper be sprayed with oil of turpentine by means 
of an atomizer. 

After spraying the sheet is allowed to stand for fifteen or twenty 
minutes in order that the turpentine may evaporate. This is a certain 
preventative of sticking, but sufficient time must be allowed for the 
turpentine to evaporate, or muddy, uneven transfers will result. 

Methods of Transfer Without a Press.—If the transfer paper is 
dampened with a solvent of the oil pigment such as benzene, benzol, 
or turpentine, only light pressure is required to transfer the pigment 
from the bromoil to the transfer paper, since the transfer is effected 
by the action of the solvent and the adhesive power of the paper. 
Even the light pressure obtainable in a printing frame or light rolling 
with a print roller is often sufficient. 


11 Zaepernick, H., Amer. Phot. (1924), 732. 


CHAPTER XXXVI 


PRINTING PROCESSES: PLATINOTYPE, IRON AND 
PLAN-COPYING PROCESSES 


Printing Processes Based on Iron Salts——A number of the or- 
ganic salts of iron are sensitive to light and a still larger number are 
sensitive in the presence of organic matter. Several printing processes 
are based upon the light sensitive iron salts, among them, ferroprus- 
siate (blue print), cyanotype (blue lines on a white background), 
kallitype, platinotype, and a number of other processes which are now 
obsolete. 

The Platinotype Process.—The Platinotype Process results in 
an image of pure metallic platinum. As platinum is one of the most 
stable metals, prints made by the Platinotype Process may be regarded 
as being as permanent as the paper on which they are made. The 
pure black image of finely divided particles of platinum has a certain 
intrinsic quality which is unique and it is very properly regarded as 
one of the finest processes of photographic printing. 

Although some of the salts of platinum are sensitive to light, particu- 
larly in the presence of organic matter, the Platinotype Process is an 
indirect one depending upon the reduction of a ferric salt to the fer- 
rous which, upon being dissolved in-an alkaline oxalate, such as potas- 
sium oxalate, reduces the platinum salt (potassium chloroplatinite) to 
the metallic state. 


Fe,(C,O,)» + light > 2Fe(C,0,) + 2CO,, 
6FeC,O, + 3K,PtCl, > 2Fe,(C,0,), + Fe,Cl, + 6KCI + 3Pt+ 


Papers for the Platinotype Process.—Papers for the process are 
available commercially in a variety of surfaces and in black and sepia 
or may be prepared. Papers for brown-black and sepia tones are 
produced by the addition of a salt of mercury, usually mercuric citrate, 
to the sensitizer. The probable reaction consists in the reduction of 


1 Sheppard, Photography as a Scientific Implement, p. 170. 


ANDERSON—The Choice of a Printing Paper with Special Reference to 
Platinum. Amer. Phot., 7 (1913), 336, 384. 
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the mercuric salt to the mercurous and the formation of a mercuric- 
platinum complex on development. 

The paper is extremely sensitive to moisture and is supplied in sealed 
metal cans from which it should be removed only immediately before 
using. 

The exposure scale is rather longer than that of developing papers 
and while some control is possible through modification -of the devel- 
oper, the best results are obtained with a rather brilliant negative pos- 
sessing somewhat greater contrast than would be considered necessary 
for developing papers. Clear and brilliant shadow gradation is par- 
ticularly important. 

Exposure——The paper should be handled only in artificial or 
very subdued daylight. The negative should be thoroughly dry. 
When printing by daylight it is well to place a sheet of wax paper or 
cellophane over the backs to protect the paper from moisture. The 
image appears as a brownish-gray deposit against the yellow surface 
of the paper. Experience is required to determine the proper ex- 
posure from the appearance of the partially visible image, but gener- 
ally the exposure is sufficient if full detail can be seen in the shadow 
portions of the image. 

Development.—The following formula is suitable for the de- 
velopment of black paper: 


Rotassiumboxalate, ... ac... ponies 5 ounces 335 grams 
EotuwaterstO-c.e5. Pe ee Gh ess 1000 cc. 


Hot water is required for preparing the developer but it should be 
allowed to cool to 65 degrees F. (20° C.) before use. It may be 
used over and over, fresh solution being added to maintain the re- 
quired volume. 

The addition of a small quantity of hydrochloric acid results in 
softer prints while the addition of potassium bichromate increases con- 
trast. In both cases only a very small amount (1 to 2 minims per 
ounce or 2 to 5 cc. per litre) is required to produce an appreciable effect. 

The following developer is recommended for the sepia papers: 


Blacksdevelopendee cc camncw caw ee 10 ounces 1000 cc. 
Oxalic acid (saturated solution)....... I ounce 100 cc. 


For best results this developer should be used at a temperature of 
150° to 160° F, 
Trays which are used for the development and clearing of sepia 
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prints should be set aside for that purpose only, and not used for black 
papers. Neither should the two papers be cleared in the same solution, 
nor should they be washed together. 

Since the image appears almost immediately, the paper must be im- 
mersed in the solution in such a manner that it is easily and quickly 
covered in one sweep. Any air bubbles which appear should be care- 
fully removed with a soft brush or the tip of the finger. With correct 
exposure, there is no fear of overdevelopment, and after a full minute’s 
immersion the print may be removed and immersed in the clearing bath 
composed of hydrochloric acid 1 oz., water 50 oz. (20 to 1000 cc.). 

After five minutes immersion in this bath the print should be trans- 
ferred to a second bath of similar composition for five minutes and 
then to a third for another five minutes, after which it is washed for 
fifteen or twenty minutes in running water and dried. 

Warm Black and Sepia Tones on Black Papers.—Warm black 
and sepia tone may be obtained on black papers by adding a mercuric 
salt to the developer but the image consisting of platinum and mercury 
is not permanent. 

The following formula is suitable: 


Solution A 
Potassium oxalate.......... 2 ounces 130 grams 
WALCIE ae cs cote oe tem ot ates Ia. oY 1000 cc. 
Solution B 
Potassium) citratesa.: 22.44: 150 grains 21 grams 
Gitrictacidear ean nes eee Bey 35% “ 
Mercuric chloride,.......... 00,4 Toe5 es 
Water. te ce dauaemeeu erect at 14 ounces 1000 cc. 


For use, take equal parts of solutions A and B and use at a tempera- 
ture of about 100° F. 

Increasing the amount of B solution results in a warmer color and 
a lighter image. The proper allowance for this is made in printing. 

Prints developed in a solution containing mercury should be cleared 
in baths of hydrochloric acid of one-fourth normal concentration or 
the image will be affected. 

The Ferroprussiate Process.—This, the familiar blueprint proc- 
ess, is used chiefly for making copies of architects’ and machine 
plans. The relatively short scale of gradation does not lend itself well 
to ordinary subjects. The paper is coated with ferric ammonium 


Watt—The Iron Salts. A summary of iron printing methods. Amer. 
Phot., 16 (1922), 677, 766; 17 (1923), 4- 
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citrate and potassium ferricyanide. The ferric salt is reduced to the 
ferrous upon exposure and when the print is placed in water, ferro- 
ferricyanide, or Berlin Blue, is formed as a result of the reaction be- 
tween the ferrous salt and the ferricyanide. 

Blueprint paper is obtainable commercially in a number of different 
speeds. The paper is extremely sensitive to moisture and should be 
kept in tightly sealed cans. The paper is exposed either to daylight or 
to a suitable source of artificial light such as the mercury vapor lamp 
in frames especially designed for the purpose. Most commercial print- 
ing, however, is done with continuous machines of which there are a 
number of makes. In general, the principle employed is as follows: 
An endless belt carries the tracing to be printed and a band of paper 
around a glass surface formed in the shape of a half-cylinder. This 
cylinder is illuminated from the inside usually with a mercury vapor 
tube. The paper is washed by jets of water in the same machine and 
dried between cloth belts passing over a heated drum. 

The paper is exposed until the lines of the drawing appear yellow 
on a bluish-green background. Development is effected by placing 
the print in a stream of running water for five to ten minutes. Alka- 
line water should not be used as it results in bleaching of the print. 

Prints are usually hung on a line to dry but may be placed on blotters 
or cloth if the surface moisture is first removed to prevent drying 
marks from drops of water on the surface. 

Preparation of Blueprint Paper.—Blueprint paper is cheap and 
easily obtainable, however, the following formula may be of interest: 


(B. J. Almanac Formula) 


A. Potassium ferricyanide......... oe L200 PEs 250 gm. 
Watereneurices s\n eee at teas 10 oz. 1000 cc. 

B. Ferric ammonium citrate........... 432 gr. go gm. 
Wiatei en adepoct ae eR 10 Oz. 1000 cc. 


Almost any paper stock may be used except those consisting wholly 
or in a large part of wood pulp. In general, a smooth matte paper, 
well sized, is preferable. 

A satisfactory means of coating small quantities of paper is to at- 
tach a sheet of paper to a board using stainless steel pins and apply 
the sensitizing solution with a large, flat, rubber-bound brush. A 


STENGER—The Blue-Print as a Photographic Copying Process. Phot. Ind., 
30 (1932), 461, 487, 498, 525. 

Harrer AND Powett—Photographic Ferro-Prussiate Processes. B.P. 
461,893 of 22.8.35. Addn. to B.P. 427,746. 
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metal-bound brush must not be used. The paper should be coated 
as evenly and as quickly as possible, going over the surface with a- 
charged brush, first in one direction and then in rapid circular strokes. 

Rapid drying is essential. Either an electric fan or a hot-air dryer 
such as used by hairdressers may be employed. Paper which is al- 
lowed to dry under ordinary room conditions possesses poor keeping 
qualities. 

The addition of 0.5 per cent of oxalic results in a more rapid paper 
which, however, has poorer keeping qualities. The addition of 0.5 
per cent solution of potassium bichromate improves the keeping quali- 
ties and tends to prevent staining of the white, but reduces sensi- 
tiveness. 

Cyanotype or Positive Blueprint Process.—This process pro- 
duces blue lines on a white ground from an ordinary drawing on trac- 
ing cloth or paper. The paper is coated with a solution containing 
ferric chloride and tartaric acid. The ferric salt is reduced to the fer- 
rous upon exposure to light. The application of potassium ferro- 
cyanide as a developer results in the ferrous salt being converted into 
ferric-ferrocyanide or Berlin Blue. The product resulting from the 
reaction of the ferric salt and potassium ferrocyanide is colorless and 
as it is soluble in water, is removed by washing, producing an image 
of blue lines on a white background or a positive from a positive 
drawing. It will be observed that the reaction taking place is prac- 
tically the reverse of those in the ordinary blueprint process.? 

Positive blueprint paper is available commercially, but is not widely 
used owing to its poor keeping qualities. 

The paper is exposed in the same manner as ordinary blue-print 
paper until the lines are distinctly visible in a clear yellow color on a 
bluish-green background. 

A 20 per cent solution of potassium ferrocyanide is used for de- 
velopment. As it is essential that none of the developer reach the back 
of the print, the paper is pinned to a board using pins of stainless steel 
and the developer applied with a broad rubber-bound brush, De- 
velopment is rapid, requiring about one minute. Cold water should 
then be sprayed over the surface of the print to remove the surplus 
ferrocyanide. After a preliminary washing of 3 to 4 minutes, the 
print is placed in a 10 per cent solution of hydrochloric acid for 1 or 
2 minutes, then transferred to a second bath of the same composition, 


2 Collet, B.P. 4632 of 1877. 
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where it may be allowed to remain for 4 to 5 minutes and is then 
washed for several minutes in running water and dried. 

Preparation of Cyanotype Paper.—The following formula is 
suitable: 


Solution A 
Grittit araDiCa een ee ee 6 ounces 170 grams 
WATER 5 vesnersna titer et nee ieee 2a as 650 cc. 
Solution B 
artaniciacidinemr ee acre ces 617 grains 40 grams 
Wa terns het eertt eet of 5 ounces 135 minims 150 cc. 
Ferric chloride solution 
Specific gravity 1.453... 4 ounces i ce: 


This ferric chloride solution contains 47 per cent ferric chloride. 
Distilled water should be used in preparing these solutions, when mix- 
ing the stock solution the acid solution is added to the gum solution, 
and the ferric chloride added last. The mixture should be allowed to 
stand 24 hours and then diluted with water until it has its specific 
gravity of 1.0. 

The paper is coated in the same manner as ordinary blueprint papers. 

The Vandyke Process.—This process is used chiefly for making 
copies of tracing plans to be used subsequently as a negative for blue- 
printing. It produces white lines on a brownish-black background. 
The paper is coated with a light sensitive iron salt and silver nitrate 
in a solution of gelatin. Upon exposure to light, the ferric salt is 
reduced to the ferrous which in turn reduces the silver nitrate to metal- 
lic silver when the print is placed in water. Some of the silver nitrate 
is reduced to silver by the exposure but this is a secondary factor in 
the formation of the image.’ 

Papers of this type are obtainable commercially in various grades. 
Sensitized cloth is also available. 

The paper is exposed to daylight, or a strong source of artificial 
light, in the same way as blueprint paper. The image appears as white 
lines on a light brown ground. After the exposure, the print is washed 
in running water one or two minutes and then placed in a 2 per cent 
solution of hypo. Fixing requires about five minutes, after which the 
print is washed for Io to 15 minutes and dried. 

The following is a suitable sensitizer for preparing paper of this 
type: : 


8 Arndt and Troost, D.R.P., 6,317 of 1804. 
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Solution A ; 
Ammonio citrate of iron, green. 1344 grains 175 grams 
Valerie tr, chs ere nt Macaca 2 16 ounces Tce; 
Solution B 
Gelatin en aaecs voces 230 grains 30 grams 
VWatermey Ris cree ceain re eal ae 8 ounces 500 cc. 
Solution C 
Silvermitrate = eee 385 grains 50 grams 
Wratenitec st eet aera 8 ounces 500 cc. 


‘Soak the gelatin in water for fifteen minutes and then dissolve by 
heat at 45° C. (100° F.), filter and add A. Then add B but do not 
stir. Keep the solution warm while sensitizing the paper. 

The sensitizer is applied in the same way as when sensitizing blue- 
print paper and it should be dried rapidly, although not at so high 
temperature as ferroprussiate or cyanotype paper. 

Kallitype.—Unlike the processes described previously, the uses 
of which are restricted to the reproduction of plans and ,sketches, 
Kallitype is suitable for subjects of a pictorial nature. 

There are two methods of working the process; in the first, the paper 
is coated with a ferric salt, usually the oxalate, and silver nitrate. 
Upon the exposure to light the ferric salt is reduced to the ferrous, 
and upon development in a solution containing borax and rochelle salt, 
the silver nitrate is reduced to metallic silver. The second method 
consists in the use of the iron salt alone as a sensitizer, followed by 
development in a solution of silver nitrate. 

The formulas which follow are due to James Thomson.‘ 


Citrate of iron and ammonia (brown) . 32 grains 73.4 gm. 
Fiemicroxalateeernsas eye oer ant: ito 36.6 gm. 
IPotasstummoxalates = 5... eh so. seer aah a 75.4 gm. 
Coppenichiloridess ss. sri ra ee enee ile a g.15 gm. 
Citriciacide ws ante ea ee An ee 9.15 gm. 
Silver nitrate cess. eck sc ei entene ate LOM 22.9 gm. 
Oxalickacidipauetan. ae eee 20 S 22.9 g.m 
Gumilara icon eye ane er ae oe TOE 22.9 gm. 
Distilled water to make............. Iounce 1000 _ ccs. 


Potassium bichromate solution (20 grains 
to the ounce or 45.7 gm. to 1000 ccs.) 
as required. 


4 American Photography, 17 (1923), 442. 


Tuomson—Possible Substitutes for the Platinum Print. Amer. Phot., 112 
(1917), 642. 

Tuomson—Kallitype. Amer. Phot., 17 (1923), 422. . 

Vatenta—Kallitype (an excellent summary of previously published papers 
on the subject). Bibliography. Das. Atelier, 27 (1920), 10. 
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From 5 to 10 drops of the latter to each ounce of the sensitizing 
solution is the normal quantity but where greater contrast is desired, 
the amount should be increased. 

After making, the solution should be stored in a dark place for 24 
hours. Before sensitizing, it should be filtered through cotton. 

Any good linen paper will serve if given a preliminary sizing. 
Either arrowroot or gelatin may be used for this purpose. Gelatin 
is perhaps the simpler. The following formula is suitable: 


Gelatineeecne ct ce motto aos eee ee erreiee 50 grains 
Powdered-alinnipeee ci (tesco era en 30 grains 
iWatertommakes as. etek, eee cise ere 10 ounces 


First allow the gelatin to swell in cold water and then with constant 
stirring add it and the alum to the remainder of the water and bring 
to the boiling point. The sizing solution may be applied with a broad 
flat brush or with a cloth pad. After coating, the sheets are sus- 
pended from one corner in a warm room and allowed to dry normally. 

The sensitizing solution is applied with a flat camel’s hair, rubber-set 
brush, and the paper is dried as rapidly as possible, using a moderate 
amount of heat. 

Either daylight or a strong source of artificial light may be used for 
printing. The image is faintly visible and of a tawny hue. Usually 
only the shadows and some of the half tones will be visible when the 
paper is properly exposed. 

The developer is as follows: 


Silver mitratenie an asistcs cloarsiow es otters Sarees 40 grains 91.5 gm. 
(@yina tear K 6) 16 (ier cement RI Nay Meck oreeectn 9 bie: Eo) at 22.9 gm. 
Oxalicvacidies, sex 3 tickn.int Sener ae ieee es One 22.9 gm. 
Distilled: watersc sea ee ies See eee ee I ounce 1000 ccs. 
For blue-black tones add sodium phosphate.... 2 grains 4 gm. 


For use, take one part of stock solution to seven parts of water. 
Greater contrast may be obtained by using a more concentrated de- 
veloper. 

Immerse the print face down and turn over immediately to break 
bubbles which if permitted to remain will result in white spots. Allow 
the print to remain in the developing solution for one minute, rinse 
well and fix for five to ten minutes in a plain solution of hypo as 
follows: 
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(Rly DOr aew bee eeiteese na ease bie eve ae - 15 grains 3.4 gm. 
NIVEUGT OS a8 ace arene On ae een Sa 10 ounces 1000 ccs. 


Finally, wash for fifteen to twenty minutes in running water. 

Palladiotype—The substitution of palladium for platinum re- 
sults in a paper similar to platinotype except in the color of the image 
which is a warm-black rather than a cold, neutral black. 

Like Platinotype, the paper is sensitive to moisture, and must be 
kept dry. After removing it from the tins in which it is sent out, any 
paper not immediately used should be returned to the skin and a wide 
rubber band placed around the lid. 

The paper gives a very visible printing image, and exposure should 
be carried to the point at which all detail is seen. 

The prints should be immersed with a quick sliding motion in a 
developer prepared as follows: 


Sodimmcteratenen ere peter ae Tp OZ: 100. gm. 
Gittictacidiaes aeitss Joico ares 43.7 er. g.8 gm. 
Waterstone ert oe ee ani we a IO ozs. 1000 ccs. 


The temperature of the developer should be between 60° and 70° F. 
For greater contrast add from two to four drops of a 2 per cent solu- 
tion of potassium bichromate. 

After development, clear in three successive baths of the same com- 
position but diluted with 7 parts of water. 

Diazo Processes.—A large number of processes based upon the 
sensitiveness of diazo compounds have been patented, but only a few 
papers of this type have actually been placed upon the market. The 
papers available are designed for making copies of tracings and draw- 
ings and for this purpose are tending to supplant the blue-print 
processes. 

The fundamental reaction in these processes is the formation of a 
colored azo compound from the reaction between a phenolic or amino 
compound and a diazo compound. This reaction, which is termed 
coupling, takes place most readily with phenolic compounds in the 
presence of an alkali and with amino compounds in a neutral or slightly 
acid state. Most diazo compounds are sensitive to light ; once decom- 
posed they are unable to couple with an azo dye component and cannot, 
therefore, be converted into a colored dyestuff.? 

Four types of diazo papers are possible: ° 


5 Murray, Phot. J1., 63 (1933), 6 (Suppl.). 
6 Spencer, Phot. Jl., 58 (1928), 490. 
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1, Diazo compound A decomposed by light to B; developed by the 
application of a coupler C in alkaline solution which reacts to give a 
colored product with A but not with Be 

2. Diazo compound A and coupler C coated together but prevented 
from reacting by the presence of an organic acid. Such papers are 
developed by bathing in a weak alkali; or, by exposing to ammonia 
vapor.® 

3. Diazo compound A & C coated together but with the latter com- 
pound modified by the formation of additional compounds in such a 
manner that it will not couple in a neutral condition, development being 
effected by breaking up the addition compound by ammonia vapor, heat 
or the like. 

4. Diazo compound A which is decomposed by light into compound 
D capable of coupling with unchanged A on standing, or on making 
the paper alkaline.® 

In the Ozalid paper of Kalle & Co., which is based upon the patents 
of Koegel and Neuenhaus, the paper is coated with a diazo anhydride 
which does not couple directly with an azo component in a neutral 
condition but takes place readily in an alkaline condition. 

The paper requires approximately the same exposure as blue print 
paper and is exposed in the same way. Exposure results in a faint 
yellow image, the unexposed portions retaining the color of the diazo 
compound with which the paper is coated. 

Development is effected by exposing the paper to ammonia vapor for 
5-10 minutes, producing a reddish-brown positive copy from a posi- 
tive or a negative from a negative. No washing is required; hence 
distortion due to the wetting of the paper stock is avoided and measure- 


7 Green, Cross and Bevan, G.P. 56,606 of 1800; Brit. J. Phot., 37 (1890), 637. 

8 Koegel and Neuenhaus, G.P. 376,385; 386,433, B.P. 234,818 (1926), B.P. 
210,862 (1924). 

9 Feer, G.P. 53,455 (1889) ; Jahrbuch, 5 (1891), 520. 


Murray—Diazo Compounds in Photography. Phot. J., 73 (1933) 
(Suppl.), 6. 

SEpLACZEK—Diazotype. Phot. Ind., 33 (1935), 1062, 1064, 1082, 1084, 
1108; S.&I1.P. (11), 7 (1936), 40. 

SEYEWETZ AND Mounrer—Action of Light on Diazonium Compounds and 
Azo Dyes. Bull. Soc. Chim. Fr., 43 (1928), 827-838; S.&ILP., 8 
(1928), 231-232. 

SpENCER—Photographic Applications of Diazo Compounds. Phot. J., 68 
(1928), 490-494. 
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ments and computations may be made from the print as from the 
original tracing. 

Diazo-type papers which do not contain an azo compound in the 
sensitive layer but are developed by sponging the exposed paper in an 
alkaline solution of the azo component are available commercially in 
England.1° 


10 Murray, Phot. JI., 63 (1933), 6 (April Suppl.). 
11 Diazo processes for preparing prints in color. Murray, Phot. JI., 63 (1933), 
12 (April Supplement). 


CHAPTER XXVII 


PRINCIPLES OF THREE-COLOR PHOTOGRAPHY 


Trichromatic Theory—Additive and Subtractive Synthesis.— 
All methods of three-color photography are based upon the fact, stated 
first as a theory by Wiinsch, elaborated by Young (1807) and estab- 
lished experimentally by Clerk-Maxwell (1860), that all colors dis- 
tinguished by the human eye may be duplicated by mixing in various 
proportions light of three fundamental, or primary, colors. These 
are red, green and blue. These color sensations are not duplicated 
by the admixture of any others, but from them every color sensation 
can be produced and also white. 

If, for example, beams of white light are thrown upon a screen 
through red, green and blue filters as shown in Fig. 211, the combina- 
tion of red and green produces yellow; green and blue-violet produces 


REO 


BLUE VIOLET 


Fic. 211. Diagram of Additive Color Process Showing Mixture of Three 
Primary Colors Producing White Light 


blue-green ; and all three together produce white. Various other col- 

ors may be produced by the combination of the primary colors in 

various proportions. Thus the addition of green to red will produce 

orange-red, orange or yellow, depending upon the relative intensity 

of the green to the red; in like manner, the combination of green and 

blue-violet produces various shades of bluish-green and a combination 
516 
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of red and blue produces all possible shades of violet from magenta 
through purple. 

Using monochromatic light of these colors, the proportions in which 
each must be mixed in order to produce at any point in the spectrum, 
the same color sensation as is produced by the spectrum itself may be 
determined. In Fig. 212 are shown three color-sensation curves, one 
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Fic. 212 


for each primary color. The heights of these curves at any particular 
wave length indicate the proportions in which the primary colors must 
be combined to produce the color sensation corresponding to that wave 
length of the spectrum. 

Since in this case white light is produced by adding light of all 
three colors in the proper proportion, it is termed additive synthesis. 

Color may also be produced by subtracting light of certain wave 
lengths from white light. Yellow transmits red and green and ab- 
sorbs blue, yellow is in other words minus blue; that is to say, it 
contains all colors of the spectrum except blue-violet. If a yellow 
filter is placed on white paper and then over this a magenta filter which 
absorbs green light, as in Fig. 213, only red light will be transmitted. 
Similarly, a combination of a blue-green and yellow filters, produces 
green (Fig. 213) as the yellow absorbs the blue and the blue-green 
the red, leaving only the green, and a blue image may be obtained 
through a combination of magenta and blue-green filters. 


518 THREE-COLOR PHOTOGRAPHY 


Thus the three primaries, red, green and blue-violet may be pro- 
duced by subtracting color from white light. This is known as Sub- 
tractive Synthesis. 


Fic. 213 


Additive and Subtractive Processes of Color Photography.— 
Processes of three-color photography are conveniently divided into two 
classes: (1) additive and (2) subtractive. The first method, as its 
name indicates, depends upon the addition of colored light to colored 
light; in the second, or subtractive, method, color is produced by sub- 
tracting light of certain wave lengths from white light. 

If a photograph is made using a red filter, the negative will record, 
in terms of density, the amount of red light reflected from the sub- 
ject ; in other words, the greater the amount of red reflected from any 
particular part of the subject, the greater the density of the corre- 
sponding parts of the negative. Areas which reflect no red light are 
completely clear while colors reflecting only a small amount of red are 
of low density. 

A second negative made with a green filter will record the green and 
a third negative made with a blue filter, the blue reflected from the 
different parts of the subject. Colors formed of two or more of these 
colors will be recorded in two or more negatives in accordance with 
the amount of light of each primary color reflected. Thus the three 
negatives collectively will record in terms of density all the colors of 
the subject. 

If positive transparencies are made from these negatives, color will 
be indicated by lack of density. In the positive from the red sensa- 
tion negative, for example, the parts of the subject which are red will 
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be almost clear, those containing some red by a low density and those 
containing no red by a comparatively high density. 

This transparency when illuminated with red light will reproduce 
the red component of the various parts of the subject. In like manner, 
transparencies from the other negatives will reproduce the correspond- 
ing color components of the subject when illuminated by light of the 
same color as used in making the negatives. 

It is now only necessary to superimpose the three colored images to 
produce a representation in full color of the subject photographed. 
This may be done in one of two ways: (1) the three positives may be 
placed in a specially designed triple lantern which is so arranged that 
the three images can be made to coincide upon the screen, or (2) the 
three positives may be placed beneath filters and the images super- 
imposed with the aid of mirrors in an instrument known as a photo- 
chromoscope (Fig. 214). 


Fic. 214. Photochromoscope 


Such methods of color photography have never been popular be- 
cause of the expensive and inconvenient viewing or projecting devices 
required and are now only of historical interest. Screen plates, the 
historical development of which was traced in Chapter I, are now by 
far the most important of the additive processes of color photography. 

Screen-Plates.—In just the same way that a painter may secure 
a certain color by the admixture of dabs of pigment of two or more 
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colors which at a suitable viewing distance are no longer seen indi- 
vidually but combine to form a single color, so it is possible to secure 
all three color-sensation records on a single plate by exposing it behind, 
and in contact with, a screen composed of a large number of red, green 
and blue filters so small as to be indistinguishable to the unaided eye. 

Screen plates may be divided into two types; in one the small filters 
are arranged in a regular pattern, in the other the differently colored 
filters are distributed at random throughout the screen. With screens 
of the first type, the screen may be on one plate, the photographic 
emulsion on another. The screen and the panchromatic plate are ex- 
posed in contact, the negative developed in the usual way and a positive 
transparency on glass made. This is then registered with a viewing 
screen, which has the same arrangement of the filters as the taking 
screen, and the two bound together. With screens of the second type 
in which the filters do not form any regular pattern, the emulsion must 
be coated over the screen. After exposure through the screen, the 
image is developed and then reversed to a positive. 
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Fic. 215. Principle of Screen Plates 


In Fig. 215, beams of red, green and yellow light are represented 
as falling on a screen composed of small filters designated R (red), 
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G (green), and B (blue). Red light is transmitted by the red filter 
(Rk) and renders the emulsion beneath it developable. Green light is 
transmitted by the green filter and the emulsion beneath is rendered 
developable. Yellow light is transmitted by both the green and red 
filters, rendering the emulsion beneath both developable. 

The deposits of silver produced upon development are shown by 
the darkened portions. 

If the negative image is reversed to form a positive, or a positive is 
made from the negative and placed in register with the screen, red light 
is reproduced by the light transmitted by the red filters, since the 
green and blue filter elements are covered with the silver of the positive 
image. In the same way, green is reproduced by the light transmitted 
by the green filters, because the red and blue filter elements are ob- 
structed by the silver deposit and yellow is reproduced by the light 
transmitted by the green and red filter elements, the blue only being 
obstructed by the positive image. 

With a negative image, complementary colors are produced, the red 
being represented by a mixture of green and blue, the green by a mix- 
ture of red and blue known as magenta and the yellow by blue. 

Subtractive Processes of Color Photography.—Three-color 
negatives may be made (1) by making three separate exposures with 
an ordinary camera changing the filters and the film, or plates, be- 
tween each exposure, (2) by means of a repeating back which enables 
these changes to be made in a much shorter period of time, (3) a 
tripack in which three emulsions each recording one of the primary 
color-sensations only are placed in contact with each other and exposed 
and (4) a tricolor camera in which all three negatives are exposed at 
the same time and through the same lens. All of these methods will 
be described at greater length in the following chapter. 

To obtain a print in colors from negatives produced by any of the 
above methods, it is necessary to superimpose on the paper three images 
of the proper colors. Since each of the three negatives constitutes a 
record in terms of density of the distribution of that particular color 
in the subject, it is obvious that the densities of the positive will indi- 
cate not the presence of that particular color sensation but its absence. 
In other words, the densities of the print from the red filter negative 
will indicate not the amount of red reflected by the corresponding por- 
tions of the subject, but the absence of red, that is the light of other 
colors. Hence, the color of the positive image will not be that of the 
filter used in making the negative, but complementary to it. In other 
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words, the red filter negative will be printed in minus red or blue- 
green; the green filter negative in minus green, i.e., blue-red, which is 
termed magenta; and the blue filter negative in minus blue, i.e. green- 
red or yellow. 

Subtractive Printing Processes—The methods employed in 
making the color images for subtractive printing processes may be 
divided into seven classes : 


1. Pigment transfer. 


(a) 


Prints are made from the three negatives on trichrome 
carbon tissues, containing pigments the colors of which are 
complementary to those of the taking filters. These images 
in color are then superimposed to produce the completed 
print. 


(b) Prints on developing paper are made from the three nega- 


(¢) 


tives and from these carbon prints are made by the carbro 
process. These prints are then superimposed to produce 
the color print. This method has the advantage over the 
pigment transfer method in that enlarged color prints can 
be made. 

Prints are made from the three negatives through the back 
of film coated with a light-sensitive silver halide emulsion 
and a pigment of suitable color. After exposure, the 
prints are developed in a developer having a tanning ac- 
tion, or are first developed and then treated in a solution 
which renders the gelatin in contact with the silver image 
insoluble. Washing in hot water dissolves the soluble gela- 
tin and the silver image is removed by bleaching and fixing. 
The colored images produced in this manner are then 
stripped from their support and superimposed to form the 
color print. 


2. Toning and Dye Mordanting Processes. 


(a) 


Prints are made from the three negatives on a special 
stripping paper. These prints are then toned chemically 
to produce images of the required colors. The color 
images are then stripped from the paper and superimposed 
to form the final print. 


(>) Prints are made from the three negatives and the developed 


silver image is changed to a compound which will absorb, 
or mordant, basic dyes. After dyeing with appropriate 
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dyes, the three images are superimposed one on the other. 
The dye is distributed throughout the gelatin film so that 
the entire film must be transferred to the final support. 


3. Relief Processes. 


CD) 


(0) 


Prints are made from the three negatives and an image 
of tanned gelatin produced (1) by developing in a de- 
veloper which differentially hardens the gelatin according 
to the density of the developed silver image or (2) by de- 
veloping in an ordinary developer followed by treatment 
with a bleaching solution which produces the same result. 
The fixed-out images are then washed in hot water to re- 
move the soluble gelatin, stained in appropriate dyes and 
superimposed to form a transparency in colors. 

The original negatives, or duplicate negatives are placed 
in a solution of an oxidizing agent, such as hydrogen per- 
oxide, which dissolves the image and attacks the gelatin 
surrounding the silver grains. The gelatin film is then 
washed, fixed and stained with suitable dyes. The three 
dye images are then superimposed to form a color trans- 
parency. 


4. Imbibition Processes. 


Paper prints may be prepared by staining up relief images 
produced by any one of the processes described under (3) 
with dyes which will transfer to paper coated with soft 
gelatin. Each of the three stained gelatin reliefs, or “ print 
plates” is placed successively. in contact with the gelatin 
coated paper. The dyes in the print plates are absorbed, 
or “ imbibed ”—hence, the term imbibition—by the gelatin 
and in this way three dye images are superimposed on the 
gelatin coated paper to form a color print. 


5. Developed Color Images. 


The oxidation products of certain developers, notably in- 
doxyl and thioindoxyl, form brightly colored images. At- 
tempts have been made to employ such processes to the 
making of prints in color but without much success.? 


1 Homolka, Brit. J. Phot., 54 (1927), 136, 196, 216. Photo. Korr., 1914, 51, 
256, 471. Jahrbuch, 1914, 28, 22. Fischer, Brit. J. Phot., 1913, 60, 595, 712, 
and 1914, 61, 329. Ermen, Brit. J. Phot., 1923, 70, 47. Capstaff, Brit. J. Phot., 


1915 (62). 
1,315,464. 


(Col. Suppl. 9, 17); B.P. 13,429 of 1915; U.S.P. 1,196,808 and 
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6. Selectively Hardened Gelatin Processes. 


These processes are based upon the difference in the dye 
absorbing properties of hardened and unhardened gelatin. 
They differ from the processes discussed under (3) in that 
the whole of the gelatin remains, while in the processes 
discussed under that heading a gelatin relief is formed 
through the removal of a part of the original gelatin layer. 

The negatives, or duplicate negatives, are placed in a tan- 
ning bleacher which removes the silver image and hardens 
the gelatin in proportion to the density of the original 
silver image. This results in colorless negative images of 
differentially hardened gelatin which are then stained to 
produce positive dye images using dyes which are absorbed 
only by soft gelatin. The dye images are superimposed te 
form color transparencies or color prints on paper made 
by imbibition. 


7. Processes Based Upon the Bleaching of Dyes. 


Positive transparencies are made from the three color- 
sensation negatives and prints from these on paper sensi- 
tized with a diazo compound. The dye is bleached in the 
parts exposed to light, producing a positive image which is 
developed by the application of a developer which converts 
the diazo compound into a stable dye image. Since it is 
the unexposed diazo compound which is used in the forma- 
tion of the image, it is evident that a positive is obtained 
from a positive, thus it is necessary to print from positives 
rather than the original negatives. 

A number of processes of this type have been patented 
in recent years but none has reached the commercial stage. 
There is no difficulty in finding a suitable red; but suitable 
blues and yellows are rare.” 


Subtractive Processes Based Upon an Integral Tripack.—Ducos 
du Hauron, who seems to have anticipated almost every possible proc- 
ess of color photography, suggested the use of three emulsions each 
separately sensitized to one of the three primary color sensations super- 
imposed as a means of making three color negatives. The simplest 
method of making such a tripack is by superimposing suitable emul- 
sions coated on three separate films. 


2 Spencer, Brit. J. Phot., 1928, Col. Suppl. 22, 30. 
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Tripacks in which the three emulsions are coated over one another 
on the same film are termed integral tripacks. The first tripack of 
this type to be introduced commercially for camera use was developed 
in the Research Laboratories of the Eastman Kodak Company and 
introduced as Kodachrome, first for amateur cinematography and then 
as roll film and cut film for still cameras. Other integral tripacks in 
commercial use are Agfacolor and Gasparcolor. 

Kodachrome.—A cross section of developed Kodachrome film is 
shown in Fig. 216. The surface emulsion is sensitive to blue and 
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CROSS-SECTION OF KODACHROME FILM 


Fic. 216. Cross-Section of Kodachrome Film. (Eastman Kodak Co.) 


violet only, the second emulsion is of the orthochromatic type sensi- 
tive to violet, blue and green. A yellow filter dye incorporated in 
the gelatin layer between the two emulsions absorbs the violet and blue 
so that the second emulsion responds only to green. The third emul- 
sion is sensitive to red but not to green. Thus, the three separate color 
sensation records are secured on the one film. 

The 16 and 35 mm. film is supplied in two types, Regular designed 
for use without filters by daylight and Type A designed for use with 
Photoflood lamps and requiring filters for use in daylight. Koda- 
chrome professional film (in cut sheets) is also supplied in two types; 
Daylight, and Type B, for incandescent tungsten light (3200° K). 

In processing, the latent images in the three layers are developed 
in the normal way after which the metallic silver of the image is re- 
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moved leaving the unexposed silver halide. The film is then exposed 
and the silver halide developed in a special color developer which re- 
sults in an image consisting partly of silver and partly of a blue-green 
dye. The film is then bleached a second time, the operation being so 
controlled that only the first two emulsion layers are affected. This 
operation converts the two upper images to silver halide again, leaving 
the bottom image unaffected (i.e., blue-green). The film is again ex- 
posed and developed in a second developer which produces an image 
consisting of silver and a magenta dye. The upper layer is then 
bleached and redeveloped, this time with a developer producing an 
image consisting of silver and a yellow dye. 

At this stage, the film contains developed silver in all three layers, 
with a yellow dye in the upper, a magenta dye in the middle and a 
blue-green dye in the lowest layer. In the final operation, the silver 
images are bleached and removed leaving the three dye images. Since 
these are complimentary to the color sensations recorded by the three 
negative images, it is obvious that the result is a positive image of the 
subject in natural color. 

Owing to the complicated processing technique necessary and the 
high degree of precision with which the various operations must be 
controlled, the film cannot, in its present state, be processed by the 
user but must be sent to the Eastman Kodak Company for processing. 

Agfacolor—The Agfa process utilizes an integral tripack and 
has been designed primarily for motion picture purposes. It differs 
from Kodachrome in that the dye-forming constituents necessary for 
the production of the three color-images are incorporated in the dif- 
ferent emulsions during manufacture. The film is first developed to 
a negative in an ordinary developer, then exposed to light and devel- 
oped in a special dye-coupling developer whereupon the colored dye 
images are built up in each layer. The black metallic silver is then 
dissolved, leaving a three-color subtractive print of the subject photo- 
graphed. 

Gasparcolor.—Garsparcolor is an integral tripack process, the 
colors being incorporated in the emulsion. The blue-green colored 
emulsion, which is sensitive only to blue light, is coated on one side of 
the film and the yellow colored emulsion, sensitive to red light, on the 


Forrest AND Winc—The New Agfacolor Process. J. Soc. Mot. Pict: 
Eng., 29 (1937), 248. 


THREE-COLOR PHOTOGRAPHY S27 


other. A magenta colored emulsion, sensitive only to blue light, is 
coated over the yellow layer. 

At the present time, the film is used only for printing from three- 
color motion picture negatives obtained in specially designed cameras. 

“ Printing takes place from three separation positive films by means 
of appropriately coloured lights. Thus, when the yellow printing 
separation positive is printed on to the film by means of red light, this 
light does not affect the top magenta, blue sensitive layer, and the image 
is, therefore, only recorded in the middle yellow-coloured layer. 

“The magenta and blue-green printing positives are then printed 
by blue light on to the outer magenta and blue-green coloured emul- 
sions. The exposed film is developed and then treated with a reagent, 
which converts the silver image into silver bromide—an operation 
which causes the dyestuff in the immediate neighborhood of the silver 
image to bleach. The silver halide is then fixed out, leaving a sub- 
tractive three-color positive image.” ® 

Additive and Subtractive Processes Compared.—The principal 
disadvantage of the additive processes is that they are not suitable for 
prints on paper. For other purposes, such as motion pictures or 
lantern slides, additive processes are not as satisfactory as subtractive 
processes (1) because of the amount of light absorbed by the filters, 
which renders the images dark and somewhat dull unless a powerful 
light is used, and (2) because the only practical additive processes 
necessitate a multi-color screen, which produces either a granular ap- 
pearance or a pattern, depending upon the type of screen, upon projec- 
tion. The possibility of making prints on paper for viewing by re- 
flected light makes subtractive processes by far the more important 
commercially. 

Two Color Processes.—Pleasing, although obviously incom- 
plete, pictures in color may be obtained of certain subjects using only 
two of the three primary colors. Two color negatives can be made 
with one exposure, in an ordinary camera by using a bipack (see p. 
537) and printing processes employing two images are naturally sim- 
pler than those employing three colors. The complications of the 
three-color processes have led numerous investigators to attempt to 
perfect two color processes particularly for making motion pictures in 


3 Spencer, Phot. Jl., 77 (1937), 84. 


JacopsoHN—The Gaspar Process of Colour Photography. Brit. J. Phot. 
(Colour Suppl.), 27 (1933), 29. 
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color. There is at present little interest in two color processes and 
it is probably safe to say that such processes are now of historical in- 
terest only. 

In two color processes, the spectrum is either divided into approxi- 
mately equal parts by the taking filters, the orange and red being 
recorded on one negative, and the green and blue on the other, or one 
of the primaries is ignored altogether, the two selected depending upon 
the type of subject for which the process is designed. 

When the spectrum is divided into two approximately equal parts 
and the prints are made in colors complementary to those of the taking 
filters, flesh values are reproduced quite well. 

Yellow and purplish-blue are not included, nor white, although as 
DuHauron pointed out, the yellow sensation is produced if the results 
are viewed in a yellowish light and the degraded whites produced by 
two-color processes frequently appear practically white due to the 
contrast of the other colors. Suggestions have been made that the 
usual three-color prints be made, the yellow image being exposed partly 
from the blue-green and partly from the red negative; while such 
methods, under certain circumstances, produce pleasing results, it is 
obviously impossible to reproduce natural colors in this manner. 


CHAPTER XXVIII 


THREE-COLOR NEGATIVE MAKING AND SUBTRAC- 
TIVE PRINTING PROCESSES 


” 


Requirements of Three-Color Negatives.—Since all three nega- 
tives must be superimposed in the final print: 

1. The three images must be the same size in every detail. 

2. The three images must be made from the same position. 

3. The three images must be equally sharp in all portions. 

Since each negative must represent in terms of density, the amount 
of light of its particular primary reflected from the different parts of 
the subject: 

1. The filters must divide the spectrum into three approximately 
equal parts with some overlapping to ensure complete coverage. (See 
following pages.) 

2. The rendering of a scale of greys must be the same in all three 
negatives. This is necessary (1) to obtain color-free rendering of 
white and greys, (2) to ensure the proper balancing of the colors 
records when making the print. 

Filters for Three-Color Photography.—While it might appear 
that the transmission of the three filters should correspond with 
those representing visual color sensation (p. 517), this is not the case, 
for such filters, due to their excessive overlap, result in degraded 
colors. For example, a red in the region of 610 is produced by the 
admixture of red and green light, producing the sensation of orange. 
If the intensity is low, as in the case of a deep orange-colored shadow, 
only the light transmitted by the red filter will be recorded, so that 
the color will be reproduced as a dark red. On the other hand, if the 
intensity is high, as a bright orange highlight, the color will be recorded 
in both the green and red negatives and thus will be recorded as a 
yellow since red and green together produce yellow. Similar condi- 
tions apply in nearly all parts of the spectrum, except in the extreme 
red and violet, owing to the overlapping of the transmission curves 
of the different filters. It is evident, therefore, that with such filters 
the reproduction of color varies with the exposure. Color photog- 
raphy, however, must record differences in brightness as well as in 
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hue and it is necessary that regardless of the variation in brightness, 
the correct hue be reproduced. 

From this it is evident that the transmission curves of the three 
filters should be as abrupt as possible and overlap only slightly. The 
ideal filters would have curves as shown in Fig. 217. Three such 
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Fic. 217. Curves of the Ideal Three Color Filters (Photography of 
Colored Objects) 


filters divide the spectrum into five regions each of a practically uni- 
form hue. From 600 mp to 700 mp is recorded in the red filter nega- 
tive only, the region between 580 mp and 600 mp is recorded through 
both the green and red filters and is reproduced as yellow, since yellow 
results from the admixture of red and green light. The region be- 
tween 500mp and 580mzy is recorded only in the negative made 
through the green filter, while the region between 480 mp and 500 mp 
is recorded in both the green and blue filter negatives and, therefore, 
is reproduced as blue-green. The region between 400 mp and 480 mp 
is recorded only on the blue filter negative and is reproduced as blue. 
While these filters are unable to distinguish between hues which lie 
totally within any of these spectral regions, in practice this is not 
serious, since no naturally occurring colors are pure, but all reflect 
some white in addition to light of colors other than that of its dominant 
hue. 

While the dyes available do not permit of exact duplication of the 
ideal filters, a sufficiently close approximation is possible. Spectro- 
phometric curves showing the transmission of a well-known set of 
three color filters (Wratten, No. 25 (red), No. 58 (green) and No. 
47 (blue-violet) are shown in Fig. 218. The transmission curves of 
the red and the blue filter approximate the ideal very closely; the 
transmission of the green filter ends less abruptly at the long wave 
region than that of the ideal. While this can be overcome by increas- 
ing the red absorbing component of the green filter, this is not practical 
because of the increase in the filter factor, necessitating greatly in- 
creased exposure. 
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Sets of filters for three-color photography are supplied by the lead- 
ing manufacturers. The Wratten Tri-color Filters, the Agfa Three- 
color filters No. 40 (blue), No. 41 (green) and No. 42 (red), and 
the Ilford Tri-color red, green and blue are among the best known in 
this country. While the filters are similar, it is advisable to use the 
set advised by the manufacturer of the sensitive materials employed. 
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Fic. 218. Spectrophotometric Curves of the Wratten Tricolor Filters. 
(Wratten Filters) 


If filters cemented in glass are used in front of the lens, it is impera- 
tive that these be of the best quality. or critical work, either gelatin 
filters, or matched sets of filters in optical flats, should be used to 
prevent differences in the size of the three images. 

Methods of Exposing Three-Color Negatives.—Three-color sep- 
aration negatives may be made in any one of four different ways: 


t. With an ordinary camera, the plate and filter being changed be- 
tween each exposure. 
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2. With a camera having a repeating back in which the plate and 
filters are changed automatically. 

3. With a tripack. 

4. With a one exposure three-color camera. 


With an Ordinary Camera.—For still objects an ordinary cam- 
era may be used, the three negatives being made by successive expo- 
sures, the filters and the plates or films being changed between each 
exposure. The exposure must be adjusted, of course, in accordance 
with the multiplying factors of the filters. Care must be taken that 
the lighting does not change during the time the three exposures are 
being made and a rigid camera and tripod used to prevent any danger 
of shifting when changing plates and filters. Neither portraits nor 
landscapes in which movement is likely can be photographed in this 
way. 

Repeating Backs——An improvement over the ordinary camera 
with separate plates or film holders is provided in a repeating back. 
The holder of the repeating back takes a plate long enough for the 
three exposures to be made on the one plate and the filters are placed 
in front of the plate so that they are changed automatically as the plate 
is shifted for the different exposures. In some cases, the repeating 
back is shifted from one exposure to the next by hand and in other 
cases the holder automatically drops into position for the next exposure 
when the shutter closes. With repeating backs of this type all three 
exposures may be made in the space of three or four seconds. 

Tripacks.—The three-color sensation negatives may be made 
with a single exposure in an ordinary camera by using a tripack. A 
typical tripack consists of three separate films. The film in front 
is coated first with an ordinary (blue-sensitive) emulsion and then 
with a layer of gelatin containing a yellow filter dye. The second film 
is coated on the front side with an orthochromatic emulsion sensitive 
to green but not to red and on the back with a gelatin layer containing 
a red filter dye. The rear film (third) is coated with a panchromatic 
emulsion. Thus upon exposure in the camefa, a blue-violet sensation 
negative is obtained from the front film, a green sensation negative 
from second and a red sensation negative from the third.* 

There are four drawbacks to the widespread use of the tripack as 
a means of making three color negatives: 


1 Patents on tripacks: Klein and Color Snapshots Ltd., B.P. 326,559. T. 
Thorne-Baker, B.P. 321,908. See also Wall, History of Color Photography. 
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1. Unsharpness of the second and particularly the third images. 
The scatter of light in the first emulsion necessarily results in a loss 
in definition in the second image and since such effects are cumulative, 
the loss in definition is even more marked in the third image. This 
limits the tripack to work in which a critical sharpness is not required. 

2. The latitude in exposure is small. This is due to the fact that 
the first and second emulsions must be as thin as possible in order that 
the maximum amount of light may-reach the rear film and thin emul- 
sion layers have little latitude because any increase in exposure leads 
to the maximum density which the film will produce. 

3. Securing balanced exposures. This is due to the difficulty in 
adjusting the relative speeds of the three emulsions so as to obtain 
equal densities on all three negatives with the same exposure. This 
is a difficult manufacturing problem. 

4. The time of exposure is comparatively long. Owing to the ab- 
sorption of light in the first two films, a comparatively long exposure 
is required for the rear negative despite the fact that a highly red 
sensitive panchromatic material is employed. 

Tricolor Cameras.—Tricolor cameras are designed to optically 
divide the light transmitted by the lens in such a way as to produce 
two or three separate images in different planes. These images, indi- 
vidually filtered, enable the three-color separation negatives to be made 
with a single exposure. Many different types of tricolor cameras have 
been developed through the years? but only those in which the light 
transmitted by the lens is divided by partially reflecting mirrors are 
of importance today. These may be divided into two classes: (1) 
cameras employing two reflectors to produce two reflected and one di- 
rect image, and (2) cameras employing one reflector to produce one 
reflected and one direct image, two of the color-sensation negatives 
being obtained by means of a bipack (p. 537) and the third on a sep- 
arate film. 

Two representative optical systems used in double mirror tricolor 
cameras are shown in Fig. 219. In (1), the two mirrors are at right 
angles to each other so that one reflected image is either above or to 
the left of the direct image, the other below or to the right. The ad- 
vantage of this arrangement over some others is that the tendency 


2 Details of cameras described or patented before 1925 may be found in The 
History of Three-Color Photography by E, J. Wall, American Photographic 
Publishing Company, Boston, 1925. 
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Fic. 219. Tricolor Camera (1) 
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towards uneven illumination of the direct and second reflected image 
is exactly corrected by having the mirrors at right angles.® 
In (2) the two mirrors are parallel. The disadvantage of this ar- 


8 This construction was patented by White, B.P. 8,663 of 1806. 
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rangement is that the direct and the second reflected images are graded 
in intensity from top to bottom unless the mirrors are slightly de- 
formed, which adds to the expense of construction and the difficulty 
of adjusting the camera.* 

A third arrangement places the first reflected image above and the 
second to the right of the direct image. In this construction, the fore- 
shortening produced by the first mirror is corrected so far as the direct 
image is concerned by the second mirror; a compensating plate is 
necessary, however, to correct the second reflected image. 

The optical construction of the single mirror camera is shown in 
Fig. 220; the direct image is formed on a bipack, the reflected image 
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Fic. 220, Single Mirror Tricolor Camera Using Bipack 


ona single film. In one arrangement, a yellow filter is placed in front 
of the bipack and the green filter negative is obtained on the front 
member ; the red filter negative on the rear member and the blue filter 
negative from the reflected image. Since the direct image, which is 
much brighter than the reflected, is used for the bipack where filters 
are necessary and the reflected image for the blue sensitive emulsion 
which is used without a filter, comparatively short exposures are pos- 
sible. In fact, this construction probably permits of shorter expo- 
sures than any other type of tricolor camera. A second arrangement 
places a magenta (red and blue transmitting) filter in front of the 
bipack so that the blue filter negative is obtained on the front member 
and the red filter negative on the rear member of the bipack, the re- 
flected image being used for the green filter negative. 

The performance of the single reflector camera depends upon the 
quality of the negatives produced by the bipack, i.e. on (1) the color 
separation obtained, and (2) the sharpness of the image obtained on 
the rear negative of the bipack. On the other hand, the single reflector 


4 Butler, B.P. 20,353 of 1807. 
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camera, being much simpler than the double reflector camera, is less 
expensive and permits shorter exposures. 

The partially reflecting mirrors used in tricolor cameras are made 
(1) of glass, either plain or coated with a semi-transparent metallic 
reflecting surface of electrolytically deposited silver or platinum, or 
(2) of thin membranes of collodion stretched over an optically flat 
frame. These last are termed pellicule murrors.° 

Glass mirrors have a number of disadvantages. Mirrors of plain 
glass reflect very little light so that the direct image is always much 
brighter than the reflected image. This disadvantage is overcome if 
the surface of the glass is coated with a semi-transparent reflecting 
layer of metallic silver or platinum, but such surfaces are difficult to 
prepare and are expensive. In addition, the surface tarnishes in time 
and must be refinished. 

A second disadvantage of glass mirrors arises from the distortion 
of the direct image by the mirror. This distortion causes one half 
of the image to be expanded, the other half contracted, making accu- 
rate registration of the three images difficult. 

A third source of difficulty arises from reflection from both sides 
of the glass producing double images. This difficulty may be over- 
come by making the reflector serve as a filter so that the light which 
would be reflected from the underside of the glass is absorbed. The 
color of the filter is made complementary to that of the taking filter 
so that only the light reflected from the front surface is utilized in the 
reflected image. 

Most of these difficulties are overcome by using pellucle mirrors as 
these are so thin that there is no appreciable distortion of the direct 
image nor is it necessary to color the back of the mirror to prevent 
double reflections. They are, however, more easily damaged and un- 
less carefully mounted, are affected by changing climatic conditions. 

Sensitive Materials for Three-Color Photography.—Three sep- 
arate combinations of negative materials are possible: 

1. A panchromatic material is used with suitable filters for all three 
negatives. This is perhaps the best method when the negatives are 
exposed separately in an ordinary camera or with a repeating back. 
Since the same film or plate is used for all three negatives, differences 
in emulsion characteristics are avoided. 

2. An ordinary (blue-sensitive) film or plate is used for the blue- 


5 Reckmeier, B.P. 357,372 of 1929. Klein, B.P. 380,928 of 1931. Bull. Soc. 
franc. Phot., 1933, 24. Spencer, Phot. Jl., 74 (1934), 103. 
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sensation negative, an orthochromatic material with a yellow filter for 
the green-sensation negative and a panchromatic material with the 
usual tricolor red filter for the red sensation negative. This combina- 
tion results in a higher speed since the dense blue tricolor filter is 
avoided and only a yellow filter with a low filter factor is required 
in place of the tricolor green filter. This combination is frequently 
used in double reflector tricolor cameras because of its higher speed. 
The three emulsions, however, should be of the same general character, 
except for the difference in sensitizing. It is important with such a 
combination to avoid overexposure of the blue-sensation negative or 
good color separation will not be obtained. 

3. An ordinary (blue-sensitive) plate or film is used without a filter 
for the blue-sensation negative, and the same panchromatic material 
with suitable filters for the green and red sensation negatives. This 
combination is faster than (1) and has the advantages over (2) that 
the two most important color records, the green and the red are made 
on the same emulsion. 

For three-color photography, glass plates have the advantage of 
being free from unequal expansion or contraction in processing which 
would disturb the registration of the three-color images. Experience 
has shown, however, that films may be used if all three are on the same 
type of base, receive the same treatment in processing and are dried 
slowly and uniformly in the same direction. 

Double reflector cameras are ordinarily adjusted to produce bal- 
anced exposures on some particular combination of films or plates and 
the choice of sensitive materials is limited by the requirements of the 
camera. 

When a tricolor camera is used, the choice of sensitive materials is 
limited by the requirements of the camera. Single reflector cameras 
necessitate a bipack and a separate film or plate for either the blue or 
green-sensation negative. The bipack consists of two separate films 
which are exposed together, the front film being placed with its back 
to the lens so that the emulsions of the two films are in contact. The 
front member of the bipack may be either an ordinary (blue-sensitive) 
or an orthochromatic emulsion. Coated over it is a layer of gelatin 
containing a red filter dye which serves as a filter for the panchro- 
matic emulsion in the rear. When the front film is orthochromatic, it 
is ordinarily used in conjunction with a yellow filter for the green- 
sensation negative, the reflected image being used for the blue-sensation 
negative. When the front film is an ordinary emulsion, it is used for 
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the blue-sensation negative and the reflected image for the green sen- 
sation negative. In both cases, the rear member of the bipack is used 
for the red-sensation negative.® 

One drawback to the bipack is the poor definition of the rear, or red 
sensation, negative. This is due in part to the separation of the two 
emulsions, but to a greater degree to the irradiation in the front film 
and can be reduced by making the emulsion more transparent, but as 
the emulsion becomes more transparent, its latitude and contrast be- 
come less, so that the improvement possible in this direction appears 
limited. Considerable progress has been made, however, during the 
past year and bipacks recently introduced represent an advance in this 
respect over those of a few years ago. 

Lighting in Color Photography—Daylight is perhaps the most 
suitable form of illumination although either the plain are or incan- 
descent electric lights may be used. In the latter case, however, the 
clear glass and not the blue glass bulb should be employed. A softer 
lighting than would be desirable in black and white work is usually 
required. Hard direct lighting tends to reproduce pale tints, particu- 
larly if yellow, as white. It should be remembered that since the col- 
ors will contribute towards the modeling of the subject, the necessity 
for creating form by shadows, as in black and white work, is not so 
vital. It is best to use a comparatively large amount of reflected 
light for the main source supplemented with one or two diffused 
floodlights. 

It is vitally important in the case of artificial light that all of the 
lamps used be of the same type, as the color of the light will naturally 
effect the colors of the subject. For example, if an object is illu- 
minated on one side by incandescent lamps and on the other side 
by daylight, or by a white flame arc, the eye will see one side as a 
yellowish white and the other as a bluish white, and no amount of 
manipulation will alter it. 

Lens.—A good anastigmat should be used for making three-color 
negatives; other lenses (excepting process lenses) may not produce 
images of the same size or sharpness on all three negatives. 

It is advisable to use a lens hood to minimize the effects of scat- 
tered light and flare. 

Reference Object.—Since it is necessary that the three negatives 
balance as regards density and contrast, it is advisable to include in 


6 Patents on Bipacks: Dupont Film Mfg. Co., B.P. 360,799 and 388,774. T. 
Thorne-Baker, B.P. 328,336. See Wall, History of Three Color Photography. 
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the picture a reference object consisting of a scale of gray tones. The 
reference object should be placed to one side where it will receive 
approximately the same light as the subject but may be removed 
from the finished picture by trimming. If the reference object is 
placed so that it is along one margin of the negative, comparison of 
the densities on the different negatives is simplified. The reference 
object should be large enough to form steps about 3/16 inch square 
on the negatives to permit of measurement in a densitometer. For 
small objects, the Wratten copyboard chart (Fig. 221) forms a con- 
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venient reference object; in addition to a scale of greys it contains 
registration lines and colored areas for identifying the three negatives. 
A suitable scale of greys may be made by exposing of a sheet of 
developing-out paper in steps and developing so as to obtain a neutral 
black deposit. 

Filter Factors and Exposure.—With a panchromatic material, 
the filter factors for the set of three-color filters approved by the 
manufacturer are determined by test for each emulsion number and 
printed on a card which is packed with the films or plates. While 
these values are accurately determined, they should not be accepted 
as final, since the factor of a filter depends upon a number of con- 
siderations (see p. 231) for which it is difficult to make allowance. 
When photographing inanimate objects, with an ordinary camera or 
a camera fitted with a repeating back, it is sufficient to expose the 
three negatives as indicated by the published factors and then after 
developing compare the reference object in the three negatives and 
determine the alterations in exposure necessary for equal densities on 
the scale of greys. In the case of outdoor subjects, portraiture and 
subjects with which such a plan is impractical, the exposure ratios may 
be determined by photographing a neutral black and white image with 
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each of the three filters, employing the same lighting conditions and 
negative material, and determining the exposure necessary in each case 
to produce equal highlight densities.’ 

In a tricolor camera, all three negatives of a black and white print 
should match. Since in cameras of this type, the time of exposure is 
usually the same for all three negatives, variation in the filter factors 
must be compensated for either by using a suitable filter of the ortho- 
chromatic type or through neutral density filters. 

There is much less latitude in exposure in three-color work than in 
black and white and correct exposure is absolutely necessary if the best 
reproduction of color is to be obtained. Overexposure tends to dilute 
the colors with white, underexposure dilutes the colors with black. 
The exposure should be adjusted to utilize, as far as possible, the 
straight line portion of the characteristic curve of the negative mate- 
rials, when all three negatives are developed to the same gamma. 

Development.—It is essential that each of the color separation 
negatives be developed to approximately the same gamma. When all 
three negatives are developed together for the same time, the blue filter 
negative usually has less contrast, or a lower gamma, than the other 
two.® For this reason, it is frequently advised that the blue filter 
negative be developed from 25 to 100 per cent longer than the other 
two in order that the contrast of all three will be identical. The in- 
creased time of development necessary under given conditions can be 
determined either by sensitometric methods, or by trial and error, using 
the grey scale as a guide. 

The contrast (or gamma) to which the negative should be developed 
depends upon the method used in making the three-color print. If 
the printing process increases contrast, the contrast of the negative 
must be correspondingly lower than that of the subject, while if the 
contrasts of the positive are lower than those of the negative, the nega- 
tive must be developed to a higher degree of contrast. In general, 
soft, well graded negatives with rather less contrast than would be 
desired in black and white work are desirable. 

A successful set of negatives depends to a large extent on the care 
taken in developing. Uneven development will result in color patches 
when the negatives are printed and no amount of retouching or faking 
will make this right. The eye is much more sensitive to changes in 


7 For other methods of determining filter factors, see p. 232. 


8 The difference is less marked with some of the newer panchromatic materials 
than with the old. 
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color balance than it is to changes in tone, which necessitates special 
care in development to avoid any unevenness. 

When developing in a tray, a fairly large volume of developing solu- 
tion should be used and the time of development should be at least 
five minutes to reduce the danger of non-uniform development. 

With tank development, particular attention must be given to the 
manner in which the negatives are agitated, as too rapid agitation 
results in edge markings, while lack of agitation produces flow marks 
caused by the by-products of development liberated from the dense 
portions of the negative spreading to adjoining areas and restraining 
development. Where possible, it seems best to pour off and replace 
the developer at fairly frequent intervals during development. 

The negatives should be marked before development with filter 
used in order to facilitate identification. 

The Chromatone Process.—This process is based upon a strip- 
ping paper developed by the Defender Photo Supply Company of 
Rochester, New York, and methods of metallic toning perfected by 
F. H. Snyder and Company of New York City. Materials for the 
process are a product of the first-mentioned firm. 

The stripping paper consists of a chloro-bromide emulsion coated 
on a thin layer of collodion which is separated from the paper base by 
a water-soluble layer. Prints are made from the three negatives as 
on any developing power. The images are then stripped from the 
paper base, toned, and superimposed on a sheet of gelatin coated paper 
to form a color print. Condensed working directions follow.® 

Making the Black Prints——Chromatone print paper is suitable 
either for contact or projection and should be handled only by an 
orange-yellow safelight as used for projection or bromide paper. 
When printing by contact, the light should be reduced so that the 
exposures may be more accurately timed. 

The time of exposure required for a satisfactory print should be 
found first, the print being developed in the following developer for 
144 minutes at 65° F.: 


Waters mance tae ac pratt eds 40 ounces 2 liters 

WEG lt erawrten aie sfeuece ooecatue Slave diepats 15 grains 1.5 grams 
Sodium sulfite (anhydrous).. ..... Y% ounce 22.5 grams 
vy cic ocUimoue matrae a tira ere 60 grains 6.5 grams 
Sodium carbonate (anhydrous).... 4% ounce 22.5 grams 
Rotassiummbromidere ys may see 25 grains 2.7 grams 


If the grey scales of the other two negatives balance both in density 
9 Chromatone Printing, Defender Photo Supply Company, Rochester, N. Y. 
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and contrast, these may be exposed without further exposure tests, 
the exposure for the blue-sensation negative being increased by 25% 
and that for the red-sensation negatives by 15%. If the grey scales do 
not match, the time of exposure required to produce grey scales on all 
three negatives is determined first by test strips and the exposure for 
the blue and red sensation negatives increased-25 and 15 per cent 
respectively. The increase in exposure for these two negatives is 
necessary to compensate for the alteration in depth occurring in toning. 

If prints are to be mounted with the collodion side up, printing 
should be done from the back of the negative to allow for the reversal 
of the image. 

The prints should have a %4 to 14” margin to facilitate handling 
and should be marked on the back to indicate the negative and the 
time of exposure when made. 

All three prints should be developed together for the same time. It 
is advisable to use fresh developer for each set of prints. The prints 
may be fixed in the usual acid fixing and hardening bath, but the fol- 
lowing is recommended, as there is less danger of bleaching in toning: 


IDotacsilm tb MIOCyamaLe se nmerf < neuer eee ore ie 100 grams 
Potashbaltmian seer ete ccc e a oele te ee cm one 50 grams 
Witter wren tenn cian ttas Slee See ae eee 1000 cc. 
Glactaltaceticvacidiae ts 2s oe warn ee 25 cc. 


The prints are fixed for 15 to 20 minutes and washed for 15 to 20 
minutes in running water. Ordinarily, the films separate from the 
paper backing in the fixing bath. The latter may be thrown away as it 
is no longer needed. 

Toning.—The toning solutions are available ready for use upon 
dilution with water, from dealers or from the Defender Photo Supply 
Company, Rochester, New York. The solutions are prepared for use 
as follows: 


(Sufficient quantity for toning 5 X 7 prints) 
Red and Blue Toner A Working Solution: 


Water anc oRis ose karan Soave uae were I ounce 25 cc. 
Redtand) Blue) Toner Aw. cs. se oe neers I ounce 25 cc. 
Standard Ferricyanide Solution.......... 114% drams Bucce 


This solution does not keep well when mixed, and only sufficient 
should be prepared for prints in process. 


Yellow Toner A. Working Solution: 
Yellow WonerA=Nowic esac ae I ounce 25 cc. 
Yellow Toner’ A—Not2, oc. 2 -n eae oe I ounce 25 cc. 
Standard Ferricyanide Solution (below)... 114 drams 5 ce. 
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In addition, the following solutions will be required for toning: 


Standard Hypo Solution: 
Granular or Rice Hypo........... 214 ounces 70 grams 
Discilledswaters sence ee. 32 ounces 1000 cc. 
Wherever the text refers to Standard Hypo Solution, this is the 
formula that must be used. A bath containing acid or alum 
will bring complete failure. 
Standard Ferricyanide Solution: 
Potassium ferricyanide.......... ¥ ounce II grams 
Distilled iwatere ss... 40 ates cee 4 4 ounces 1000 cc. 

The black and white prints from the green and red negatives are 
placed in the toning solution together and turned over and over to 
ensure uniform action of the toning solution. Toning requires about 
I5 minutes at 65° F., and should continue until all of the black silver 
image has been removed and a greenish brown image remains. The 
two prints are then washed for about ten minutes in running water. 

The print from the green negative (to be toned magenta) is then 
placed in the Red Toner B for about ten minutes. (It proceeds to 
completion, therefore, a few minutes longer will do no harm.) The 
print is then fixed for three minutes in the standard hypo solution and 
washed 15 minutes in running water. 

The print from the red filter negative (to be printed in blue-green) 
is placed in the blue toner B for ten minutes and then transferred to 
a bath of dilute hydrochloric acid for one minute. Finally, it is fixed 
in standard hypo solution until the greenish tones have changed to 
blue-green. 

The print from the blue-sensation negative (yellow print) is im- 
mersed for ten minutes in the yellow toner A which must be prepared 
immediately before use. The toning solution is then poured off and 
standard hypo solution added as follows: 

WellowstonetsAme err oie a chines ne ine Meas 5 parts 
Standarduhy poysOleucact pacite coos Pats Meee ee cinneare ae I part 
The print is washed in water while this is done (not longer than one 
or two minutes) and again placed in the toning bath. The tray should 
be rocked vigorously to prevent streaking. After three minutes, the 
print is removed, washed one or two minutes in water and placed for 
one minute in: 
Standardeby,porsolutionren tree eters ante tear eiars recto ies I part 
WaterntOct ac yr Cae She RTA ee es etoeiia's aate 3 parts 

As the image is soluble in hypo at this stage, it should not be left in 

the hypo bath longer than I minute. 
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Upon removing the print from the hypo, it should be washed twenty 
minutes in running water and placed for two minutes in yellow toning 
solution B, then washed a second time for twenty minutes. 

The three images are now ready for assembling on Chromatone 
Backing Paper. 

Assembling the Three-Color Images.—The backing paper is 
first soaked in water for several minutes and placed with the gelatin 
coated side uppermost on a sheet of heavy glass, masonite, or ferro- 
type tin. 

The yellow image is placed on the paper first and squeegeed firmly 
into place, and allowed to remain for three or four minutes. The 
magenta image is then registered with the yellow, squeegeed lightly 
in place and the register checked. If adjustment is necessary, the 
film is stripped at once and reregistered, then squeegeed firmly into 
place. The blue-green image is the last to be added and in exactly 
the same way as the others. 

Drying.—The print is left on the glass or ferrotype tin for ten 
to fifteen minutes, then gummed tape, I or 2 inches wide, is placed 
along all four edges so as to overlap the print from 4 to Y inch. 
This will hold the print flat while drying. When dry, the print can 
be removed by inserting a sharp knife through the tape under the 
edge of the print and cutting from the board. 

Color Correction—Any predominating color as shown by the 
grey scale or areas of the image which should be neutral, may be cor- 
rected in a later print by decreasing the printing time for that par- 
ticular color. Naturally, if the print is light, better results may be 
obtained by increasing the exposure of the other two prints. For 
example, if the print shows a predominating yellow color in the grey 
scale or other areas which should be neutral, either the printing time 
of the print from the blue-sensation negative (yellow print) should be 
increased or that of the magenta and blue-green prints reduced. 

The magenta and yellow images may be reduced in: 


Hydrochloric Acid; G@Poketeea.o sertem st etem iene rss I part 
Water noisy aig tele so Mee Rickat tnrs cache mic atures 50 parts 


Wash thoroughly when sufficient reduction has been obtained. The 
action of the hydrochloric acid on the yellow image is to reduce the 
finer details before affecting the depth of the image as a whole. 

The blue image can be reduced by immersion in: 


Reed tomer wit oes iat cus ie see erey crn tS ae ae eee I part 
Wateito cen Wine sate a are ene Oe eee ree 16 parts 
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until purple all over. Then place in: 


Ely rocllormesacidy ac mentee nN xis ian ee mens I part 
NVA CCIM newer a. mR cen UR clue ue tanete nt SMa 20 parts 


until color returns. Finally wash thoroughly. As reduction tends to 
make the image greenish, it should be used only when absolutely neces- 


sary and with care. 
| | | + | 
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Fic. 222. Diagram of Steps in Wash-Off Relief Process. 


The Eastman Wash-Off Relief Process.—This process, devel- 
oped in the laboratories of the Eastman Kodak Company, is an im- 
bibition process which has achieved considerable popularity in the 
United States. Positives are made by contact or projection from the 
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three-color separation negatives on Eastman Wash-Off Relief Film. 
The exposure is made through the film base so that the exposed por- 
tion of the emulsion is next to the base (Fig. 222). The emulsion 
is sensitive to blue and blue-violet only and contains a yellow dye, the 
purpose of which is to limit the penetration of the printing light so 
that the emulsion is not exposed through its entire thickness even in 
the deepest shadows. The exposed image is then developed, the 
resulting silver image (black in the diagram) varies in thickness al- 
most directly in proportion to its density. The silver is then removed 
in a bleaching solution which hardens the gelatin in contact with the 
silver. The soluble gelatin is then removed by washing in hot water 
whence the name “ Wash-Off Relief.” The film is then fixed to re- 
maining silver salts, washed and then immersed in the appropriate 
dye solution. The dye is absorbed by the relief image in proportion 
to the thickness of the gelatin. The dyed relief image is then placed 
. on Eastman Imbibition paper, a gelatin coated paper, which has been 
treated with a mordanting substance so that the dye leaves the dyed 
positive and is fixed by the gelatin of the paper. The other two dyed 
positives are placed successively in contact with the paper in register 
with the first, to produce the color print. 

The process is relatively simple, yet allows a considerable degree 
of control over results, is comparatively cheap in that duplicate prints 
may be made simply by redying the film positives, and is not overly 
sensitive to atmospheric conditions. 

Making the Relief Positives—Eastman Wash-Off Relief Film 
may be handled by an orange-yellow safelight such as the Wratten 
O or OA, if care be taken to avoid more than momentary exposure to 
the safelight. 

The film is exposed through the support either by contact or projec- 
tion. The exposure should produce well-modelled highlights with a 
slight veil when the unfixed films are viewed by reflected light from 
the support side after 5 minutes development in 


Avoirdupois Metric 
LON Stern deen enire ee wake aen one eee testers 145 grains 10.0 grams 
Sodiumysulhite des.) cumee sae ee one 4 ounces 120.0 grams 
Py droquinonerese semen a. care Serene 145 grains 10.0 grams 
Iodalkiy 2 tanh aoceet 6 ware I ounce I45 grains 40.0 grams 
OCASSIUIM | DEOMIG © aeneaens aera eae 29 grains 2.0 grams 
Waterttounakesn osetemcnn nes corel: I gallon 4.0 liters 


Use without further dilution. 
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The exposure required to produce a print of normal depth from the 
green-sensation negative, will be correct for all three negatives, if the 
scale of densities are alike. If the negatives do not balance exactly, 
the exposure for the other two negatives may be calculated from the 
difference in transmission of the maximum density, or by making 
separate test exposures on P.M.C. bromide paper. 

In exposing the Wash-Off Relief film by projection, care should be 
taken not to make any adjustment or change which would affect the 
registration of the three images. 

When exposed, the three wash-off relief films are developed for five 
minutes in the above Elon hydrochinon developer (DK-50) at 65° F. 
To avoid the necessity for handling the films during development (as 
the gelatin is unhardened and hence becomes soft) it is best to develop 
either in a tank with the usual cut film hangers or in separate trays. 

After development, the films are washed for five to ten minutes in 
running water to eliminate all traces of the developer. Washing must 
be thorough or traces of developer left in the film will prevent the 
proper bleaching of the image. 

Bleaching the Positives.—The films are then bleached in the 
following solution: 


Stock Solution A 


Avoirdupois Metric 
NUGIIS RS. 2 acclereee peoicker ease, Deion Ne 16 ounces 500.0 cc. 
Ammonium bichromate......... 290 grains 20.0 grams 
Sulfuric acid, C.P. (E. K. Co.) .. I dram 4.0 CC. 
Water tounakerss- a> commer se 32° ounces 1.0 liter 

Stock Solution B : 

Sodium chloride (table salt)..... 1% ounces 45.0 grams 
Waterstoilaketne +> sete eyo: 32 ounces 1.0 liter 


For use: Take A—1 part; B—1 part, water—6 parts. 


The white light may be turned on in the darkroom after the films 
have been placed in the bleaching solution. Two to three minutes are 
sufficient in most cases but the time should be sufficient to completely 
change the black silver image to a faint brownish image. The bleach- 
ing solution is discarded immediately after use. 

The films are next transferred to separate trays containing water at 
110° F. (43° C.) to dissolve the soluble gelatin. The trays are rocked 
for one minute, the films lifted successively by one corner and drained, 
then transferred to other trays containing water at the same tempera- 
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ture. This process is repeated four times or until the water draining 
from the film is clear and free of dissolved gelatin. 

The reliefs are now placed for one minute in the following fixing 
bath : 


Avoirdupois Metric 
Water (about 125° F.) (52° C.) ........ 80 ounces 2.5 liters 
Sodium thiosulphate (Hypo) ........ 2 pounds 960.0 grams 
Sodium sulfite, desiccated (E. K. Co.).. 2 ounces 60.0 grams 
Acetic acid (28% pure) (E. K. Co.).... 6 fluid oz. 190.0 cc. 
Boricvacitd ery stalSieey. gee ee cers I ounce 30.0 grams 
Potassiumalumy (EK @o:) 2-5... 2 ounces 60.0 grams 
Coldiwater to maker seer tac ae 1 gallon 4.0 liters 


Dissolve the chemicals in the order given. 


Fixing is followed by five to ten minutes washing in running water 
after which the reliefs are hung up by one corner to dry. The reliefs 
dry rapidly and drying should not be hastened by heat or the film base 
may shrink resulting in faulty registration. Droplets of water on the 
film side may be removed with a cellulose sponge but the gelatin side 
should not be touched. 

Dyeing the Reliefs—The printing dyes are supplied in tubes 
making 500 cc. (16 ounces) of solution or in larger quantities and 
should be dissolved in boiling distilled water, the solutions cooled to 
68° to 80° F. (20° to 27° C.) and filtered through rapid filter papers. 

The trays used for the dye solutions should be free from chemical 
contamination of any kind. Glass trays are preferable but steel 
enamel trays are satisfactory if the enamel has not been chipped or 
badly etched. 

The trays should be kept covered except when handling the films 
to prevent the access of dust and the évaporation of the solutions. 

The relief from the red filter negative is placed in the blue-green 
or A dye solution, that from the green filter negative in the magenta 
or B dye solution and that from the blue filter negative in the yellow 
or C dye solution. 

The trays containing the dye solutions should be rocked from time 
to time. About 30 minutes is required for dying at a temperature of 
68° to 80° F. (20° to 27° C.) although longer immersion is without 
material effect if all three films are treated alike. 

The dyes may be used again and again. Between use, they should 
be kept in tightly stoppered bottles away from strong light. 

When dyed, the blue-green and magenta dyed reliefs are rinsed in 
two changes of a 1/10 per cent solution of acetic acid in distilled water 
and the yellow dyed relief in two changes of a % per cent solution to 
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remove surplus dye from the surface, and set the dye taken up by the 
relief image. 

The tray should be tipped up on one edge and the film placed in the 
tray with one edge immersed in the acetic acid. The tray is then 
quickly tipped in the opposite direction so that the solution sweeps 
quickly and uniformly over the entire surface. The tray is then 
rocked first sidewise and then lengthwise in alteration until the solution 
is uniformly tinted. In this way; streaks are avoided. 

After rinsing, all three dyed reliefs are placed in a % per cent 
solution of acetic acid until needed for the imbibition transfer. 

Inspection of Positives——One of the important features of the 
Wash-Off Relief Process is that the reproduction of color in the final 
* print can be determined quite well if the three dyed reliefs are super- 
imposed on the bottom of a clean white tray so that any corrections 
necessary may be made on the reliefs before printing is begun. 

If the negatives balance and are of suitable contrast, and the reliefs 
have been correctly exposed and developed, little or no corrective treat- 
ment should be required. 

Corrective Treatment.—However, if the picture appears too 
flat, the reliefs should be rinsed in plain water to remove the excess 
acid and redyed for 30 minutes in a dye bath containing more acid. 
Experience only will indicate the amount of acid required in the dye 
bath. Increasing the amount of acid in the dye bath increases con- 
trast, decreasing acid reduces the contrast of the dyed image. 

To reduce contrast, the dyes should be removed from the reliefs 
by washing first in a I per cent of strong ammonia and then in plain 
water. The reliefs should then be redyed in a dye solution containing 
less acid. 

Images which are too dense may be corrected by washing down the 
dyed reliefs uniformly in cold water, so as to remove some of the dye. 


Table of Dilutions of Acetic Acid 


Concentration Amount of Acetic Acid 


in % Glacial Acetic Acid 28% Commercial Acetic Acid 

i LOY pte anette 1 cc. diluted to 1 liter, or 4% 3.6 cc. diluted to 1 liter, 1 fluid 
fluid dram diluted to 32 dram diluted to 32 ounces 
ounces 

SUSU. inane ¢ 5 cc. diluted to 1 liter, or 114 18 cc. diluted to 1 liter, or 5 
fluid drams diluted to 32 fluid drams diluted to 32 
ounces ounces 

EA ete feeere ts 50 cc. diluted to 1 liter, or 13 180 cc. diluted to 1 liter, or 534 
fluid drams diluted to 32 fluid ounces diluted to 32 


ounces ounces 
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When the amount of reduction required has been attained, the relief 
is returned to the dilute acetic acid until the transfer print is made. 

There is no remedy for matrices which have been underexposed. 

Any prevailing tint in the highlights is the result of unbalanced 
exposure either in the negatives or the positives. It may be removed 
by washing the reliefs of the predominating colors briefly in water 
until removed. If, after the highlights have been corrected, a pre- 
dominant tint remains in the half tones and shadows, the contrasts of 
the negatives are unequal. This may be corrected by washing and 
redying the reliefs of the predominating colors in dye solutions con- 
taining less acetic acid, or by redyeing the other reliefs in solutions 
containing more acid so that these colors will be strengthened to secure 
the proper balance. 

Preparation of the Paper—A special gelatin-coated paper is 
supplied as Eastman Imbibition paper. This is placed first in a mor- 
danting solution prepared as follows: 


Avoirdupois Metric 
(A) eAluminumpsuliate(B. Ke Cosmo... sesso. sae 634 ounces 200 grams 
Wiaterstommid ke pety. erase oe he Meee eS 32 ounces I liter 
(B) Sodium Carbonate, Des. (E. K. Co.)... I ounce 145 grains 40 grams 
IWatertonna Kenta, tte tc. eee oes oe 16 ounces 500 cc. 


Add B slowly to A, stirring well during the addition. A white 
precipitate is at first formed, but this dissolves upon stirring. If a 
trace should remain, it can be filtered out with a rapid filter paper. 

After 5 minutes in the mordanting bath, the paper is washed 5 
minutes and placed for 5 minutes in a 5 per cent solution of sodium 
acetate. It is then washed 5 minutes and dried, or may be used im- 
mediately. 

Making the Imbibition Print—The paper is placed, gelatin side 
upward, on a slightly larger sheet of plate glass. In order to stretch 
the paper to its maximum, so that it will not change during the im- 
bibition transfer process and cause faulty register, a sheet of 0.005- 
inch Kodaloid is laid upon the paper, and a heavy squeegee wetted and 
drawn across the Kodaloid in both directions. Considerable pressure 
should be used on the squeegee. The paper is then laid on a damp 
blotter and the first dyed relief placed upon it immediately, before 
the paper has had time to dry. 

The magenta dyed relief is placed image-side downward on the 
prepared paper. The two are held in place with the fingers of one 
hand, while the wet squeegee is run lightly across the film in both direc- 
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tions to expel water and air bubbles from.between the relief film and 
the paper. Each successive stroke of the squeegee is with firmer - 
pressure, and finally, the full pressure of the arm is brought to bear 
upon the squeegee to secure intimate contact. A second sheet of plate 
glass is then placed over the relief film to conserve moisture. 

The relief is left in contact with the paper until substantially all of 
the magenta dye has transferred. From 10 to 30 minutes are required 
for the transference of the magenta dye, depending upon the shadow 
density. To determine whether or not sufficient time has been al- 
lowed, one corner of the relief is carefully lifted from the paper. Only 
a faint trace of dye should remain in the relief. If the time has been 
insufficient, more intense spots of dye will remain in the thicker por- 
tions of the relief, producing a mottle, while lighter spots will occur 
in the corresponding positions on the paper. Time must be allowed 
for these spots to disappear. The denser the shadows, the longer the 
time. 

Transferring the Blue-Green Dye.—A sheet of 0.005-inch Koda- 
loid is wetted and laid upon the paper so as to cover the picture except 
for a margin of about one inch at the end toward the operator. 

The blue-green relief is laid upon this Kodaloid, the end extending 
beyond the Kodaloid being held out of contact with the paper unless 
this area is completely occupied by a clear, safe edge. The relief is 
moved about until it registers accurately with the magenta image. The 
relief film is then brought into contact with the uncovered edge of 
the paper, and lifted completely off from the Kodaloid at its other 
end. The Kodaloid is then pulled, and the film is allowed to fall back 
into place on the paper. It is then squeegeed and covered with the 
plate glass as before. The time required for the transference of the 
dye is about the same as for the magenta dye, or from 10 to 30 
minutes. 

Transferring the Yellow Dye.—Finally, the yellow dyed relief 
is registered with the images already transferred, the thin Kodaloid 
being used in this operation as before. The relief is squeegeed and 
allowed to remain until the transfer is complete. The time required 
for the yellow is usually from 5 to 10 minutes. 

Drying.—After removing the yellow relief, the paper bearing 
the three-color print is pressed between two dry blotters and dried at 
once in order to preserve the sharpness of the image. 

Prints on glossy papers may be dried on ferrotype tins in the usual 


way. 
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Masking Methods.—One of the basic requirements of a dye or 
pigment suitable for a three-color subtractive printing process is that 
it should absorb one of the primary colors and transmit, or reflect, the 
other two. The ideal blue-green dye or pigment, for example, would 
absorb red but not green or blue-violet while the subtractive yellow 
would absorb blue-violet, but not green or red. Unfortunately, a set 
of pigments or dyes answering these requirements has not been dis- 
covered. There are a number of yellow dyes and pigments which are 
quite satisfactory, but practically all blue-green dyes absorb consid- 
erable green and blue-violet and the magenta dyes available absorb 
some blue-violet. As a result of these deficiencies in the dyes and 
pigments available for a subtractive color printing process, the colors 
of the reproduction are more or less unsaturated either through ad- 
mixture with black, as in the case of the greens and blues, or through 
dilution with white, as in the case of the magentas, yellows and reds. 
It is difficult in many cases, therefore, to obtain the brilliant, saturated 
colors required for a good reproduction of the original. This is par- 
ticularly true when the three color negatives have been obtained from 
a screen plate transparency in which case the degree of color saturation 
is already relatively low. 

To overcome the deficiencies in the dyes used in the wash-off relief 
process, a method of color correction known as the masking method 
has been developed and patented by the Kodak Research Laboratories. 
The red filter negative is first made on wash-off relief film in the usual 
way. This film is then carried through the process in the usual way 
and dyed blue-green. When the dyed matrix has dried, it is placed 
in register with the green filter negative and the magenta positive ex- 
posed through the green filter negative and blue-green dyed matrix. 
The blue-green and magenta dyed positives are registered with the 
blue filter negative and a print made on wash-off relief film in the usual 
way. ‘This positive is finally dyed yellow. Since the film is sensitive 
only to blue-violet light, the density of the yellow image is reduced in 
proportion to the density to blue-violet light of the magenta and blue- 
green images used as masks for the blue-filter negative. The blue- 
green and magenta images thus act as masks reducing the density of 


the yellow image in such a way that the correction desired is obtained 
automatically.?° 


10 For detailed directions of the masking method, see Color Prints from Koda- 
chrome Films, by Kurtzner and Seymour, Amer, Phot., 1937, 208. 
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Three Color Carbro.—The carbon process was for a long time 
the only really practical means of printing from three color negatives. - 
In recent years, it has largely been superseded by three color carbro. 
Three color carbro, while more exacting in its technique than other 
processes in general use, in capable hands is still unsurpassed. The 
procedure, in general, is the same as monochrome carbro (see Chapter 
XXV) except that the trichrome tissues are employed and the pigment 
images developed on celluloid and then transferred to a gelatin coated 
paper which forms the final support. Condensed working directions 
follow.*4 

Making the Bromide Prints.—A smooth surface bromide paper 
without a supercoating should be used. It is preferable to purchase 
the paper in rolls and cut the sheets in the same direction to avoid dif- 
ferences in the expansion of the paper which would affect the regis- 
tration of the three images. The prints may be made either by con- 
tact or projection and should be fully developed using the developer 
recommended by the manufacturer of the paper. The grey scales on 
all three prints should balance and each print should have a narrow 
white margin. 

After fixing and washing, the prints should be placed in a 2 per cent 
solution of acetic acid for two minutes to facilitate the removal of any 
lime which may have been absorbed from the water used for washing. 
Finally, the prints should be swabbed with absorbent cotton, washed 
for five to ten minutes in running water. The backs of the prints 
should be marked for identification; blue-green, magenta and yellow. 

Preparing the Celluloids.—The sheets of celluloid on which the 
pigment images are developed should be at least two inches (5 cm.) 
larger in each direction than the prints and about 1/50 inch (% mm.) 
thick. Before use, the celluloid sheets are first waxed, the special wax 
being applied with a soft lintless cloth soaked in gasoline and polished 
with a dry cloth. Unless the excess of wax is removed in polishing 
difficulty will be experienced in development. After polishing, the 
celluloid sheets are dipped into a bichromated solution of albumen pre- 
pared as follows: 

Beat the white of one egg to a froth and add 15 ounces of water. 
Dissolve separately in 5 ounces of water, 150 grains of potassium bi- 
chromate and add to the albumen solution. Filter through cheese cloth 
and store in a dark place. 

11 Trichrome Printing by the Autotype Carbro Process. Autotype Company 
Ltd., London. 
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Upon removal from the albumen solution, the celluloid sheets are 
rinsed in water and dried in daylight or in strong artificial light. The 
albumen treatment provides a better base for the pigment paper and 
lessens frilling and loss of highlight detail. 

Sensitizing Formulas.— 


Stock Solution “A” 


Potassium) tericyanides..-..--0-- 4) I oz. 50 gm 
Potassium bromide-see-e ee aera I Oz. 50 gm. 
Distilledkwaterensc oro a an ee 10 Oz. 500 cc 
Stock Solution “ B” 
Potassium BIC NLOMmAte. se ).h- 25 -e eee 180 gr. 20 gm. 
Ghronnctacidts.- = yer... c.a4 eee ees 4O gr. 4.5 gm. 
Chromievabutnina.as-ctte aye tis see aisiaee 100 gr II gm 
Distilledswatemwencae ae ase ae ee 10 oz. 500 cc. 


Hot water must not be used in compounding the stock solution “ B.” 
The Working Baths.—These are made up as follows: 


No. t Working Bath 


StOcK*Solutiom sac Aan merase Ne eee eo creme ere I part 

WA TOE Stroheetinn Soret oiace meaes ic ote ave te Rialto caer ee iene 4 parts 
No. 2 Working Bath 

Stock solutions swish. Gas <a seins ee laa cree oe I part 

Wrater(boiledior distilled)! hac cco aoebre ee eres a 4 parts 


The No. 1 bath may be used for a considerable number of prints, 
but the No. 2 bath should be renewed after each set (of 3) as it is 
altered by the No. 1 solution transferred to it. 

The baths should be used at a temperature of 60° to 65° F. (15° to 
Eoo Ge). 

Making the Carbro Prints.——The three pigmented papers re- 
quired for three-color carbro are supplied by the Autotype Company 
of London as Autotype Trichrome Pigment Papers. As in other sub- 
tractive processes, the yellow print is made from the blue-sensation 
negative (i., the bromide print from the blue-sensation negative), 
the blue-green print from the red sensation negative and the magenta 
print from the green sensation negative. The pigment papers, how- 
ever, are termed yellow, blue and red by the Autotype Company. 

The pigment papers should be approximately one inch (2.4 cm.) 
larger in both dimensions than the bromide prints. The pigment 
papers are first immersed for two minutes in the No. 1 bath, then 
placed face down on a sheet of clean glass and squeeged to remove the 
surplus solution. The contrast of the pigment image is controlled by 
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the time of immersion in the second bath—the longer the time of im- 
mersion, the lower the contrast. The usual range is from 20 to 40 
seconds with 25 seconds the average for bromide prints of good 
quality. 

The bromide print, which should have been soaking in water, is 
placed face up on a sheet of glass, the pigment paper, held by oppo- 
site corners, is lowered into contact with the bromide print. It is then 
squeegeed first in one direction and then the other, care being taken 
not to shift the position of the pigment paper, or a blurred image will 
be produced.” 

After ten minutes, the pigment paper is stripped from the bromide 
print and placed for one minute in a solution of equal parts of dena- 
tured alcohol and water. The bleached bromide print is washed in 
running water 10 to 15 minutes and redeveloped after which it may be 
used again. 

The pigment image is now ready to be transferred to the waxed 
celluloid sheet. The celluloid sheet is swabbed with a tuft of wet 
absorbent cotton to remove any adhering dust and the pigment paper 
squeegeed firmly to it. 

Precisely the same treatment is given the other two pigmented 
papers. 

Development of the Carbro.—To avoid frilling, a weak solution 
of chrome alum is used for developing (1.e., dissolving the soluble 
gelatin) rather than plain water. A stock solution is prepared as fol- 
lows: 


Ghromevalumnture oes aac Teter ae - 300 er. 30 gm. 
NVA er bO riers accion alahd eras al escandons teres eo IO oz. 400 cc. 


For use, 4 oz. (12 cc.) of this stock solution is added to each 16 oz. 
(1000 cc.) of water at 105° F. (40° C.). 

The method of development particularly recommended is to hold the 
celluloid in both hands with the pigment paper underneath, and bend- 
ing slightly, so that the latter is on the outside of the curve press down 
into the water so that the paper backing enters first, and after a few 
seconds turn the celluloid over and completely submerge. 

When the pigment commences to ooze out from the edges, this is 
the signal for the backing paper to be stripped away very carefully 
from the celluloid, during which operation, the print must be kept 

12 A special press has been introduced which brings the bromide print and the 


pigmented tissue into contact without danger of shifting. (George Murphy Inc., 
57 East Ninth Street, New York City.) 
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under the water. The celluloid, still under water, is then shaken with 
a lateral movement and occasionally lifted out until no color can be 
seen running from it. It is then given a rinse in cold water and 
placed to dry, all surplus water being removed from the back. The 
other two are treated in a similar manner. 

Transfer from Celluloid to Soluble Temporary Support Paper. 
The Blue Print—A piece of Soluble Temporary Support paper 
is soaked face downwards in a dish of cold water for about five min- 
utes in order that it may fully expand. The dish should be rather 
larger than the celluloids being employed. The dry blue-green Carbro 
image on the celluloid is slid beneath the paper and the two withdrawn 
together and squeegeed into contact, forming a “sandwich,” which, 
after blotting off all surplus moisture from back and front, is pinned 
up to dry. When perfectly dry, it will be found that the paper can 
be stripped from the celluloid with the image transferred to it. The 
celluloid is then ready for rewaxing and further use. 

The film of wax with which the celluloid was prepared will also 
have been transferred to the surface of the Carbro print on the paper, 
and this wax must now be carefully and thoroughly removed, by rub- 
bing it with a wad of cotton wool saturated with gasoline. The gaso- 
line and dissolved wax is then polished off quickly before the gasoline 
evaporates with a piece of soft cloth, and to ensure complete removal, 
the operation should be repeated, using methylated spirit. 

Combining the Blue and Red Print.—The Soluble Temporary 
Support bearing the blue-green image is soaked now in cold water for 
about two minutes, and the celluloid bearing the dry magenta image 
slid underneath it, the two are withdrawn, moved into rough register 
and very slightly squeegeed into contact. This “sandwich” is then 
placed on a sheet of blotting paper, celluloid uppermost, and moved into 
exact register. The paper is squeegeed again, but somewhat heavier 
than before, care being taken not to spoil the registration. Should 
movement have taken place, return to the water, carefully strip off and 
re-register. 

The Yellow Print.—The blue-green and magenta “ sandwich ” 
is again dried, and after removing the wax, as previously described, 
the yellow print is treated in a similar manner. 

Transfer to Final Paper.—A piece of Single Transfer paper, 
rather larger than the temporary support, is soaked for ten minutes in 
cold water. When the three combined images have been stripped from 
the last celluloid and the wax removed, it is soaked in water for about 
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one minute and squeegeed into contact with the single transfer paper. 
The two are placed between blotting boards under light pressure for 
ten minutes, after which they are immersed in a dish of water at 
about 105° F. (40° C.), and after a few moments, the Temporary 
Support is peeled off. A coating of soluble gelatin, though invisible, 
is left in the surface of the print, and this is removed by gently laving 
with the hot water. The finished print is then chilled in cold water 
and hung up to dry. e 

Ives Polychromide Process.—This is a subtractive process de- 
veloped by F. E. Ives for printing from two-color negatives but 
although only two prints are made, three colors are used as in tri- 
chromatic processes. This result is obtained by making a dichroic 
(two-color) red-to-yellow-print (red in the shadows, orange in the 
halftones and yellow in the highlights) on film from the green sensa- 
tion negative and superimposing this image on a blue-toned bromide 
print made from the red-sensation negative. These prints may be 
made from the original negatives either by contact or by projection. 

The print from the red sensation negative is made on ordinary 
bromide paper which is then toned blue by means, of an iron toning 
solution. The print from the green sensation negative is made on 
Eastman Wash-Off Relief film, the image bleached, and the soluble 
gelatin removed by washing in hot water, thus producing a gelatin 
relief image. This relief image is then dyed in the following dichroic 
toning solution: 

The formula of the dye bath is as follows: 


Wioderatelyshot watetiiac 206 a. 62s. ecnneues 1 gal. 334 liters 
(@armoisine \C—Sandoz% «3 ages es et te es 10 grains 0.648 gram 
AZO ORUbINe S-—SANGOZn ease cies w ase cee nee 30 grains 2 grams 
Metanil Yellow—Sandoz..............-.... 40 grains 2.6 grams 
Glaciatvaceticncid meme me. ctate oie. awiewiae Sete I ounce 30 cc. 
Citrateolspotasi ae sae ae sive tts he eiesn es atalee 2 to 4 ounces 56 to 112 grams 


Approximately five minutes is required for dyeing the gelatin re- 
lief but a longer immersion increases the characteristic dichroic effect, 
thus increasing the brilliancy of the yellow and green. Red is taken 
up rapidly—in from two to three minutes—but with longer dyeing the 
yellow replaces the red in the halftones and highlights, producing the 
dichroic red to yellow image. The amount of dyeing is controlled by 
the amount of potassium citrate used. A large amount of potassium 
citrate makes prints lighter. A print which is too strong can be re- 
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duced by washing in water, while a weak image may be intensified by 
immersion in a dye bath containing less potassium citrate. 

When the dye image has reached the desired strength, the film 
should be removed and placed in a weak solution of acetic acid to pre- 
vent any running of the dye, after which it is hung up to dry. When 
dry, the two prints are superimposed, the images registered and at- 
tached to one another along one edge with a piece of adhesive tape. A 
solution of amyl acetate is then applied to the back of the film and the 
two images cemented together.*® 

13 Ives, Camera (Philadelphia), 1933, 33. Brit. J. Phot. (Color Supplement), 
1933, 29. 


CHAPTER XXIX 


SCREEN PLATE PROCESSES OF COLOR 
PHOTOGRAPHY 


Introduction.—The screen plate processes are comparatively 
simple to work and until recently were virtually the only processes of 
natural color photography practical for the average amateur or pro- 
fessional photographer. The greatest disadvantage of the screen plate 
processes is that they are incapable of producing prints on paper ex- 
cept by the rather lengthy and laborious process of making three- 
color separation negatives from the.transparency and prints from these 
negatives by one of the subtractive printing processes. Another dis- 
advantage is the limited range of brightnesses over which the screen 
plate processes are able to reproduce color satisfactorily which places 
a restriction on the subject matter suitable for the process. While more 
marked in some processes than others, this is a necessary consequence 
of the fine-grain, thinly coated emulsion used to obtain sufficient re- 
solving power to sharply define the fine color elements of the screen. 
The pattern formed by the screen is an objection in many cases as 
when the image is to be enlarged or when critical definition is required. 
Lastly the screens involve a great loss of light so that the image is dark 
unless a powerful source of light is used for illuminating the trans- 
parency or for projection. 

The Requirements of a Screen Plate.—The following factors de- 
termine the performance of a screen plate: * 

1. The size of the color-elements. These must be below the resolu- 
tion of the eye (visual angle of 1 minute, corresponding to 0.02 mm. 
at the average distance) but above the resolution of the emulsion. If 
too large, the elements are perceived individually; if too small the 
color rendering cannot be truthful since the emulsion is unable to 
record accurately the result produced by the screen. 

For geometric screens, the color elements should not be larger than 
1/300 of an inch or much smaller than 1/600 of an inch; for mosaic 
screens the size should not exceed 1/900 of an inch or be less than 


1/2000. 


1Mees, 1. J. Chem. Ed., 5 (1928), 1578. 
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The color elements may be larger in a geometrical screen than in a 
mosaic because in the latter it is virtually impossible to avoid a certain 
amount of clumping on the part of color-elements of the same color 
thus giving rise to areas producing a dominant color. 

2. The transmissions of the color elements. The requirements of 
the three-color taking filters have been discussed previously (p. 529). 
The transmissions of three-color viewing filters, unlike the taking 
filters, should not overlap and should be relatively narrow so as to 
produce brilliant, sharply defined colors (F. E. Ives). In a separate 
screen process, the transmissions of the filters of the taking and view- 
ing screens need not be the same, although of course, the color ele- 
ments must be of the same size in both screens and must conform to 
the same pattern. In a combined screen plate process, such as Dufay- 
color, Autochrom, etc., the same screen must serve both for taking 
and viewing ; the transmission of the color-elements must represent the 
best compromise possible under the circumstances.” 

3. The relative area covered by each color. This must be adjusted 
so that the screen appears neutral. 

If the screen as a whole possesses a dominant tint obviously it can- 
not reproduce colors correctly but must result in a distortion of the 
colors of the original in the direction of the dominant color of the 
screen. 

4. The interstices. These, if they exist, must be filled to prevent 
irradiation, which would greatly reduce the ability of the emulsion to 
image the color-elements sharply. 

5. Thickness of the screen. The screen must be as thin as possible 
to prevent parallax. The thickness should not in any case exceed the 
smallest dimension of the color elements. 

6. The emulsion. This must be panchromatic, highly and as evenly 
sensitive as possible. If the emulsion is not equally sensitive to the 
light transmitted by the three filters of the screen, a color filter must 
be used over the lens in order that equality of action may be secured 
through all three filters. Its resolution must be equal to the color- 
elements of the screen and it must be able to produce a relatively high 
density in order that where necessary the color-elements which should 
not function in the formation of an additive color can be stopped out. 
In the case of a screen-plate in which the screen and the emulsion are 


2 Mees, Brit, J. Phot., 55 (1908), 41; 58 (1911), 45, 52, 62, 68 (col. suppl.). 
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inseparable, the emulsion must be adaptable to the requirements of 
the reversal process.® 

The Lumiére Filmcolor.—The first commercially successful 
screen plate was the Lumiére Autochrom introduced commercially in 
1907. 

The screen (Fig. 223) is composed of grains of potato starch about 
15/1000 millimeter (.0024 inch) in diameter, colored orange, green and 


FIG, 223. Photomicrograph of the Autochrome Screen 


blue-violet. The grains of potato starch are first passed through a 
sieve to obtain a uniform grain size and then divided into three groups 
each of which is dyed. The grains are then mixed thoroughly (in the 
ratio of 4 green to 3 red and 2 blue) to secure even distribution of the 
different colored grains and then dusted on film base which has been 
coated previously with a suitable substratum. The interstices are filled 
in with a fine powder and the layer smoothed out by rolling with heavy 
pressure. The screen is then covered with a thin layer of waterproof 
varnish over which is coated a panchromatic emulsion. The screen is 
not white but a light salmon pink and transmits approximately 7.5 per 
cent of the incident light.* 

In 1932, the Autochrom screen was supplied on film under the trade 


3 Thorne-Baker, Phot. Jl., 72 (1932), 109. 
4 Ventujol, “Manufacture of the Autochrom Plate,” Amer. Phot., 18 (1924), 


384. 
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name Filmcolor. The original Autochrom plates on glass have since 
been discontinued. 

The film may be used in the usual cut film holders, but is loaded with 
the film side facing the lens so that the multicolor screen is nearest the 
lens and in front of the sensitive emulsion. Owing to the thinness of 
the film base, no correction in focusing is necessary for the reversal of 
the film in the holder. 

Filters are available for sunlight, incandescent and photoflood lamps. 
Using a Weston meter, the exposure in daylight is twelve times the 
exposure required for a film or plate with a rating of 8 or 3 with 
incandescent tungsten or photoflood illumination. 

Processing involves three operations: (1) development of the nega- 
tive image, (2) dissolving the developed silver image, and (3) second 
development (of a positive image). 

The developer is prepared as follows: 


Distillediwatersare seas ase 35 Oz or 1.000 cc. 
Metoquinone (Quinomet)....... V4 oz. or 15 grammes 
Anhydrous soda sulfite.......... 34 oz. or 100 grammes 
Ammonia 920 (22° Baume)...... 9 dramsor 32 cc. 
PotSibromideserer nce oes 240 grains or 16 grammes 


The metoquinone powder should be dissolved first in two-thirds the 
quantity of water, which is heated to the boiling point. After the 
metoquinone is thoroughly dissolved, add the other chemicals in the 
order given, adding the other one-third of cold water just before the 
ammonia is added. For use take: 


Stock solutionecex = © 7kuct esoe Oe ot ce Saree eee eee eons I part 
QUE Roy cM cay 4 aera en eer acne ee: eee oe fA a 4 parts 


The factorial method of development (see p. 303) is recommended 
using a factor of 10. A dark green safelight of the type used for 
panchromatic film may be used to follow the appearance of the image. 

After development, the film is rinsed briefly in water and placed 
in the following solution and exposed to white light: 


Rotassiin Diehromates.. oer 2 eee cee 30 gr. 2 gm. 
SUPA Vets by Se pees a eran k NS als B-dts 10 cc. 
WieiCe Rio rises Sie cc hates cian SNS otic eRe 32.0%. 1000 cc. 


In this solution, the silver of the negative image dissolves the film 
becoming clear in from 3 to 4 minutes in daylight or 5 to 6 minutes by 
artificial light. All the silver of the negative image must be removed 
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or black spots and streaks will appear in the development of the 
positive image. 

After clearing, the film is rinsed briefly in water and placed again 
‘in the developer, which should have been kept for this purpose. De- 
velopment will require from 3 to 5 minutes and must be carried to 
completion. Overdevelopment is not to be feared. In this opera- 
tion, a positive image appears in full color. Finally, the film is washed 
for two or three minutes in running water and dried. There is no 
fixation. 

Agfa Ultracolor Plate—This mosaic screen is made from dyed 
particles of gum arabic rolled out in collodion. The size of the color 


Fic. 224. The Agfacolor Screen 


elements are about the same in the Agfacolor screen as in the Auto- 
chrom but are more uniform varying from 0.008 to 0.017 millimeter.° 
The screen, however, transmits nearly twice as much light as the 
Autochrom, the relative transmissions being 14 and 7.5 per cent 
respectively. 

Since the Agfa Ultracolor screen is on glass and the plate must be 
loaded with the glass side towards the lens, a correction is necessary 
in focusing to compensate for the displacement of the sensitive emul- 
sion. This compensation can be made in one of four ways: 


5 Pledge, Brit. J. Phot., 70 (1923), 48 (Color Supplement). 
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1. Reversing the ground glass, placing the ground surface to the rear 
away from the lens. 

2. Racking the lens back—or the back of the camera forward—a dis- 
tance equal to the thickness of the glass plate—approximately 
1/16 inch. 

3. Placing the usual glass filter behind the lens. This method per- 
mits the use of a focusing scale in the usual manner. 

4. Using a special filter, such as the Zeiss “ A” Ducar, which is a weak 
negative lens and lengthens the focal length of the camera lens 
sufficiently to compensate for the thickness of the glass plate. 


No filter is required with the Agfacolor ultra plate when exposed 
in daylight ; the Agfa No. 24 (blue) filter is required with incandescent 
tungsten, photoflood or photoflash lamps. 

Processing as in other combined screen plate processes involves: 
(1) first, or negative, development, (2) reversal or removal of the 
negative image and (3) redevelopment or development of the positive 
image. The following developer is used: 


Watenan nek: ek care Pare tai 32 OZ. 1000 cc. 

Aptacaretel 57 cages toate ant cry oes 48 gr. 3-3 gms. 
‘Asta hydroqiinonesan - Scilla © ole 15 gr. 1.0 gms. 
Agfa Ansco sodium sulfite, anhydrous. . %4 oz. 25.0 gms. 
Potassium bronatde ser ser ie ee ere 22 gr. 1.5 gms. 


Cool to room temperature and add 2 dr. (7.5 cc.) of ammonia, specific 
gravity .QI, ammonia content 25 per cent by weight. 

This stock solution is for use diluted with equal parts of water (1 
part stock solution to 1 part water). About 2 ounces of the dilute 
solution is sufficient for one 3% X 4% plate. Since the bath loses 
energy in development and is later rendered impure by re-development 
in it of the reversed plate, every plate must have fresh developer for 
the first development, and the temperature as used should not be al- 
lowed to exceed 65° F. This is very important especially in summer, 
as too warm a bath develops too quickly and spoils the film by melting 
and bubbling. 

The use of desensitizers is not recommended by the Agfa Company 
owing to the difficulty experienced in determining the proper time of 
development in a reversal process; however, if desired, the plate may 
be desensitized in a solution of Pinakryptol yellow (1: 1000), which 
must be used as a preliminary bath and not as an addition to the de- 
veloper. After an immersion of three minutes in the desensitizing 
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solution, the plate may be developed in a bright red light such as is 
used for ordinary (blue-sensitive) emulsions. The factorial method, 
however, cannot be used as the factor is altered by desensitizing. 

With correct exposure, the time of development is 4 minutes at 
Oi a § Crys 

After development, the plate is rinsed briefly and placed in an acid 
solution of potassium bichromate prepared as follows: 


Potassium bichromate....... i OA, 340 gr. 53 gm. 
Sulfuriejacidi(@sR)) ee 34 oz. 100 cc. 
Water tonmeeaae tins oe 22 Oz 1000 cc. 


For use take: 


Stocksoltitionyaane et eee cee aes oe oe ete I part 
VALET aye te ee cee eee a ee rete eRES On satel Io parts 


After one minute, the plate should be exposed to white light, either 
daylight or strong artificial light such as that provided by a Photoflood 
lamp. 

When the negative image is completely dissolved, the plate is rinsed 
briefly and redeveloped in the same solution used for first develop- 
ment. Redevelopment must be to finality and ordinarily requires ap- 
proximately 2 minutes. 

After development, the plate is washed for two to three minutes and 
then dried as rapidly as possible without, however, the use of heat. 

Dufaycolor.—This process, unlike the two previously discussed, 
employs a geometrical type screen or reseau (Fig. 225). 

The acetate film base is first coated with a very thin layer of col- 
lodion dyed blue; this is followed by printing a set of greasy ink lines 
with engraved rollers at an angle of 90 degrees to the length of the 
roll, there being 20 lines to the millimeter and the interspaces being 
equal in width to the lines. In the next operation, the dye between the 
ink lines is bleached and a green dye colors these clear spaces. The 
ink is dissolved and a series of blue and green parallel lines covers 
the entire film base. 

A second set of ink lines is now printed at right angles to the first. 
The lines this time are broader than in the first instance and the spacing 
narrower but there are the same number per millimeter as before. 
The second bleaching bath removes the green and blue dye where there 
is no protecting ink and the spaces are dyed red. The ink resist is re- 
moved, resulting in a microscopic regular pattern of green and blue 
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squares with red lines in absolute juxtaposition. The reason for hav- 
ing the red lines narrower is to equalize approximately the areas of 
red, green and blue. A protective varnish is coated over the screen to 
prevent desensitization of the highly panchromatized emulsion used. 


Fic. 225. The Dufaycolor Screen 


The spectral transmission of the dyes is wider than that of standard 
trichromatic filters and this gives a higher overall transmission than 
would otherwise be obtainable. 


Dufaycolor Reseau Transmissions & 


Blue up to 530 millimicrons. 
Green between 470 to 620 millimicrons. 
Red from 570 millimicrons. 


Dufaycolor material has a speed approximately one-half that of 
commercial black and white panchromatic film, having a Weston rat- 
ing of 8 with daylight and 3 with incandescent tungsten, so that it lends 
itself to all classes of color photography and the panchromatization is 
such that excellent results are obtained without filters in daylight, 
though for accurate reproduction especially of green foliage a special 
filter is recommended. 


6 Thorne-Baker, Phot, Jl., 72 (1932), 112, 


COLOR PPHOTOGRAPHY 567 


Processing is carried out by the reversal method, the constituents of 
the first developer being somewhat different to the usually accepted 
type of reversal formula. Potassium thiocyanate is used as the silver 
bromide solvent instead of the usual ammonia and the bath, therefore, 
has a considerably longer life. 

Development should be conducted in total darkness or at a consid- 
erable distance from a safelight fitted with a Wratten Series 3 safe- 
light or its equivalent. The following developer is recommended: 


Metol se etree cl oy acne "I gram 16 grains 
Hydroquinone........... Pees 8 grams 128 grains 
Sodium sulfite (desj;............ 50 grams 134 oz. 
Sodium carbonate (des.)......... 35 grams 14 oz. 
Potassium bromidé:o.. 2.0 ee oc ws 5 grams 80 grains 
Potassium thiocyanate........... 9 grams 144 grains 
IW AtCiercrsee ct correo et on erie a 1000 cc. 35 OZ. 


The films may either be developed by inspection or the time and 
temperature method, the developing times for correct exposures be- 
ing as follows: 


GBC NOI kN a cre me Nicene 5 minutes 
(SIA) Oss con at Te Ae te A 41% minutes 
YE Gitte Aran Cee GREE 4 minutes 
(EAC Oe COD AO COE SEO OER ore. 3. minutes 


Full advantage of visual inspection is obtained by desensitizing in 
a 1:2000 solution of Phenosafranine for 2 minutes and development 
carried out with a suitable safelight such as the Wratten OA, with a 
low-wattage bulb, providing the film is not exposed to the light for 
prolonged periods. The film is viewed by reflected light and the high- 
lights should be developed until the image appears brilliant and full of 
detail. 

After developing, wash one minute in running water. The devel- 
oped image is then removed in the following bath: 


Potassium bichromate............. 5 grams 48 grains 
Sulfuric acid (commercial)......... IO cc. 96 minims 
Water tonmakemmmrin acim archer. 1000 cc. 20 oz. 


About four minutes will be required to completely remove the de- 
veloped silver image. The reversed image should then be clearly 
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visible. Wash for two or three minutes and then place in the follow- 
ing clearing bath for two minutes: 


Sodium bisulate acs sees aac >= 25 grams 240 grains 
Watetsto taken yeti ie 1000 cc. 20 OZ. 


After clearing, wash for two or three minutes in running water. 

In order to render the silver halide remaining developable it is neces- 
sary to expose the film to light before redevelopment. An exposure 
of one minute at a distance of 12 inches from a 100 watt bulb is usually 
sufficient. Additional exposure, however, within reason, will do no 
harm. 

Any good metol-hydroquinone developer may be used for redevelop- 
ment, but the following is recommended : 


NietOltttec oe tens Or oe eee I gram g.6 grains 
Ely croc UinOue rire reer tener ee 5 grams 48 grains 
Sodium carbonate (des.).......... 20 grams 336 grains 
Sodium sulfite (des.))..........--- 50 grams 480 grains 
Potassium bromide. ............. I gram g.6 grains 
Water totmakese pic sec o= eee 1000 cc. 20. Oz. 


Time of development: 3 to 4 minutes at 65° F. Overdevelopment is 
not to be feared. After a short rinse in water, the positive should be 
fixed for three minutes in the following fixing bath: 


LY PORE ce een wt ois aisles ares 360 grams 14 Oz. 
Potassium metabisulfite or sodium 

DISUlAte Ger ae eee ate Sse ee & I2 grams Ve oz. 
Watertoumake wre casa nos cue e seis 1000 cc. 40 Oz. 


Dissolve separately and add: 


Chromeralumenee pee aoe ee ee 40 grams 160 grains 
Ne ters tonia Ke Age sry (si. ccorsue sienychee 1000 cc. 35 Oz. 


Finally wash for 15 minutes. Dry as rapidly as possible, but do not 
use heat. 

Weak images lacking in brilliancy may be intensified with chromium 
or mercury. Dense positives may be reduced in weak Farmer’s Re- 
ducer. 
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Sources of Failure with Combined Screen Plates.— 


Fault 


Image lacks density 


Image weak and transparent 
particularly along the edges 

Image dense or with excessive 
contrast 


Image with satisfactory de- 
tail but colors dull 

Image shows trace of nega- 
tive image 

Image shows black mottling 

Image is in complementary 
colors 

Image shows no color...... 


Blueness of image 


Brownish stain 
Frilling 


Image is not sharp 


General greenish cast 
Image lacking in contrast 


Cause 


Overexposure or over- 
development 
Overdevelopment 


Underexposure or un- 
derdevelopment 


Underdevelopment 
Insufficient bleaching. 


Insufficient bleaching 

Fixed after first de- 
velopment 

Exposed with emulsion 
facing the lens 

Insufficient exposure or 
development (Auto- 

chrom) Filter omit- 

ted when making ex- 
posures by daylight 
(Autochrom) 

Incomplete bleaching 

Processing at a tem- 


perature above 60° F. 


(15° C.) or using so- 
lutions at different 
temperatures 

Failure to allow for 
thickness of glass 
when using Agfa ul- 
tracolor plates 

Fog from exposure to 
green safelight lamp. 
Occurs only if expo- 
sure is made through 
the screen 


Remedy 
Intensification 
Intensification 
Reduction in a sub- 

tractive reducer fol- 

lowed, if necessary, 

by intensification. 
Same as above 


None 


None 
None 


None 


None 


None 


None 


None 


Varnishing and Binding of Screen Plate Transparencies.— 
While not absolutely necessary, it is advisable to protect screen plate 


transparencies by varnishing or by binding between glass. 


Varnishing 


has the added advantage of increasing the transparency of the colors. 
A suitable varnish may be obtained commercially or may be prepared 
by dissolving three parts of gum dammar in 1000 -parts of benzol. 
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Transparencies on glass may be coated by pouring a small quantity 
of the varnish in the center and then tipping the plate slightly towards 
each corner in succession until the surface is evenly covered. The 
excess varnish may then be allowed to run from one corner into the 
bottle. If any of the varnish runs over on the glass size, it may be 
removed with a solution of benzol. 

The simplest method of dealing with film transparencies is to pour a 
small quantity of varnish in a tray of suitable size, immerse the film 
completely, and hang up with a clip from one corner. The film should 
be allowed to dry suspended from the same corner by which it was 
lifted from the varnishing solution, otherwise the varnish may flow 
back over itself producing ridges or areas with a double thickness of 
varnish. 

Many prefer to bind screen plate transparencies between glass, using 
strips of gummed paper in the same manner as when binding lantern 
slides. If desired, a sheet of fine etched ground glass may be used to 
diffuse the light. The ground side should be placed on the outside so 
that the granularity will not interfere with the image. 

Viewing and Projecting Screen Plates.—Screen plate trans- 
parencies may be mounted on illuminators or in viewing devices of 
which Fig. 226 is an example. Since the transparencies are de- 


Fic. 226. Viewer for Color Transparencies. (Bausch & Lomb Optical Co.) 
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signed to be viewed by light of daylight quality, either a daylight blue 
lamp, or better still, a clear glass bulb with a suitable daylight filter, 
should be employed. 

By far the best means of displaying screen plate transparencies, 
however, is by projection. The amount of light absorbed by screen 
plates necessitates a projector with a more powerful source of light 
than is required for black and white lantern slides or a smaller pro- 
jected image. A projector with a 250 to 500 watt lamp is desirable 
although a 100 watt lamp may give satisfactory illumination with a 
good screen and if the image is small. Screen plates are quite sensi- 
tive to heat and to avoid possible damage, only well ventilated projec- 
tion equipment should be used. Projectors with high wattage lamps 
should be fitted either with a cooling system or have a heat absorbing 
cell between the light source and the condensing lenses. In any event, 
it is well not to leave the slides in the carrier longer than absolutely 
necessary. 

Duplication of Screen Plates.—Copies of screen plate trans- 
parencies on film may be made by contact printing on another screen 
plate while glass transparencies may be reproduced by copying in the 
camera. Copies, however, are less brilliant than the original because 
of the increased silver in the image and the dilution of the colors of the 
original with light of other colors. 

In order that the emulsion beneath the red filter elements, for ex- 
ample, of the screen plate on which the copy is being made may be 


Fic. 227. Increase in Proportion of Black When Copying by Parallel Light. 
(Spencer, Photographic Journal. 1933) 


rendered developable, it is necessary that they be directly beneath the 
red filter elements of the transparency which is being copied. Except 
in the case of screen plates having a regular pattern, it is impossible 
to register the two screens so that the filters of any one color in one 
screen are directly in line with those of the other. Thus, it is only at 
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points where two filters of the same color happen to be in line that any 
effect is produced in the copy (Fig. 227). It is evident, therefore, that 
the number of filter elements of any one color which are made develop- 
able will be much less than in the original transparency and that upon 
reversal the proportion of black silver in the positive copy will be 
greater than in the original, thus degrading the color. 

A further source of degraded colors arises from the scatter of light 
by the silver particles of the image. This scatters the light transmitted 
by the red filter elements, for example, and forms a halo of exposed 
silver halide particles in the immediate vicinity of the filter element 
(Fig. 228). After reversal of the image to a positive this forms a 


AL 
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Fic. 228. Loss of Saturation Through Irradiation in the Emulsion. 
Courtesy of Spencer, Photographic Journal 


clear halo around the red filter element through which light from 
adjoining blue and green filter elements is transmitted along with 
the red light transmitted by the red filter element, thus lowering the 
saturation of the color. Irradiation affects to some extent the satura- 
tion of the colors of a screen plate transparency made direct from na- 
ture, the loss is increased by duplication becoming an important factor 
in the quality of the duplicated transparency.’ 

The Finlay Process.—The Finlay process, unlike those already 
discussed, is a separate screen process, that is to say the screen and the 
emulsion are on separate glass plates which are placed in contact in a 
suitable holder for the exposure. 


7 These illustrations are from “ Reproducing Screen Plates,’ by D. A. Spencer, 
Phot. J1., 73 (1933), 19. 
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The screen (Fig. 229) is composed of ‘red, green and blue color ele- 
ments approximately 1/300 of an inch square. It is made by printing 
in dyed bichromated* albumen from a black and white cross-lined 


Fic. 229. The Finlay Screen 


screen. The glass plate is first coated with collodion containing a tri- 
color green dye. It is then coated with bichromated albumen and 
exposed beneath the cross-ruled screen. The areas not protected by 
the insoluble albumen are bleached out and dyed with a tricolor red 
dye. The plate is coated with albumen a second time and exposed 
beneath a cross-lined screen so as to render the bichromated albumen 
insoluble over the red color areas, the unprotected areas bleached and 
dyed with the tricolor blue dye. 

Finally a protective layer of collodion is placed over the whole. 

As the screen and the sensitive material are separate, a special plate 
holder with a pressure back must be used to ensure perfect contact be- 
tween the screen and the sensitive emulsion. Suitable holders may be 
obtained from the Finlay Company or its dealers. The taking screens 
may be used over and over if care is taken to avoid marking the surface 
but one must have a separate screen for each plate holder. Four filters 
are available for use over the lens with the Finlay-Eastman panchro- 


8 Stobart, Phot. Jl., 76 (1936), 280. 
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matic plate; No. 4508 for use in sunlight, No. 4525 for use on cloudy 
days or in the shade; No. 4600 for tungsten lamps and No. 4547 for 
Photoflash lamps. 

Exposure and Development.—The Finlay process requires ap- 
proximately six times the exposure of a hypersensitive panchromatic 
material, The Weston speed to daylight is 6; to tungsten illumina- 
tion 4. 

It is important that the color registering scales at the ends of the tak- 
ing screen are properly recorded on the negative. This must be done 
before the exposed negative has shifted position on the taking screen. 
If the subject is not well lighted, at the ends of the plate, so as to 
propertly expose the color scales, it is necessary to expose them sepa- 
rately. This can be done immediately after the regular exposure by 
inserting a dark slide which has slots cut out over the color scale. 

Any good, soft-working developer may be used ; Metol hydroquinone 
formulas such as D-76 are excellent. With this particular formula, 
the time of development is from 12 to 14 minutes at 65° F. 

The temperature of the developer and other processing solutions 
should not be over 65° F. (18° C.) or the gelatin may swell to such 
an extent that the image dots will be thrown out of register. 

The negative is fixed, washed and dried in the usual way. It is 
important, however, that drying be uniform and not forced by the use 
of heat. If the emulsion is allowed to swell and become soft during 
washing or drying the image may not register with the viewing screen. 

The negative should be fully exposed with brilliant shadow detail 
and of rather lower contrast than would be required for ordinary black 
and white work. 

The Positive—The positive is made by contact printing on a 
transparency or process plate. The exposure is made in the usual way 
except that an undiffused source of light, such as a single 25 watt elec- 
tric lamp, should be used at a distance of 5 to 6 feet to secure sharp 
images of the dots constituting the image. The positive is developed, 
fixed, washed and dried in the usual way, care being taken to avoid 
any circumstance which would cause swelling of the gelatin to such an 
extent as to affect the registration of the image with the viewing screen. 

The positive transparency should be bright, clear and of medium 
density. An examination with a low power magnifying glass should 
reveal clearly defined dots in both the highlights and the deepest 
shadows. Dense, clouded positives should be made over. 


COLOR PHOTOGRAPHY Bilis) 


Registration—The final operation consists in registering the 
positive transparency with the viewing screen. This requires a little 
practice. Place the viewing screen and the transparency face to face, 
with the screen first in the line of sight. Hold the two by one corner 
with the first finger and thumb of one hand. The opposite edges of 
the two plates are grasped by the thumb and forefinger of the other 
hand so as to permit the movement of the one with respect to the other 
by easy and minute stages. This method of holding the two plates 
enables the plates to be moved over each other by easy and minute 
stages. If at first a cross-plaid pattern appears, the plates should be 
moved over each other in such direction that the plaid becomes larger 
and larger, until it eventually disappears. At this stage, the minute 
squares of the viewing screen and positive are in alignment, and if the 
correct colors are not in evidence the slightest movement of the screen 
in a straight line towards the required color will bring out the correct 
color ina flash. The correct color will be seen if the plates are viewed 
a little to one side. Having arrived at the right position, the two plates 
are held together by means of two or more strong letter clips, the two 
opposite edges bound with lantern slide binding strip, and the other 
two edges similarly bound. Care should be taken to move one clip 
at a time. Allow ten minutes for the binding to set and the color 
transparency is completed. 

Sources of Failure with Separate Screen Plates.— 


Defect 


Transparency shows an 
excess of blue and very 
little red or yellow. 

Transparency has a strong 
violet color all over. 

Colors are muddy. 


Colors too bright. 


Colors very faint. 


Cause 


Negative badly underex- 
posed. 


Negative was made without 
a filter. 

The positive is overexposed 
and underdeveloped or 
the plate used does not 
produce sufficient con- 
trast for the process. 

The positive is overdevel- 
oped or the plate used re- 
sults in too much contrast 
for the process. 

The negative has too much 
contrast. 


Remedy 


None. 


None. 


Make a new positive 
with increased 
contrast. 


Make new positive 
with less contrast. 


Make a positive on 
a softer working 
plate. 
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Defect 


Center and ends of pic- 
ture will not register at 
the same time. 


Positive will not register 
with viewing screen. 


Color is patchy; may be 
lacking altogether in 
some places. 


Cause 


Focal length of the lens used: 


in making the negative 
was too short. Incom- 
plete contact between 
screen and the plate. 


The image on either the 


negative or the positive 
has shifted because of (1) 
processing at high tem- 
perature (2) drying by 
heat or (3) excessive 
hardening in a hardening 
fixing bath. 


Is usually due to uneven 


pressure in the plate 
holder when making the 
negative or in the print- 
ing frame when exposing 
the positive. 


Remedy , 


None. 


If the positive is at 


fault, make a new 
one with greater 
attention to the 
conditions which 
result in excessive 
swelling of the gel- 
atin. 


Examine the nega- 


tive and positive 
carefully with a 
magnifier. If the 
dots are not sharp 
in some parts of 
the negative, it is 
at fault and there 
is no remedy. If 
the negative is 
sharp but there 
are areas in the 
positive in which 
the dots are un- 
sharp, make a new 
positive with spe- 
cial precautions to 
obtain even pres- 
sure on the print- 
ing frame. 


Making Three-Color Negatives from Screen Plate Trans- 
parencies.—Three-color negatives may be made from color 
transparencies made by the Kodachrome, Dufaycolor, Agfa, Lumi- 
In this way, color records may be made of 
moving objects without a special camera, three-color negatives made 
from the resulting color transparency and prints on paper from these 
negatives by any of the recognized methods of subtractive color 


color, or Finlay processes. 


printing. 


The three-color negatives may be made either by contact or projec- 


tion printing. 
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Any well designed apparatus for projection printing may be used 
in making enlarged three-color negatives from the color transparency, 
but it is well to construct a box to enclose the space between the lens 
_and the easel in order to prevent stray light from reaching the film. 
The box should be painted on the inside with a matt black paint. 

In making the negatives by contact, a printing cabinet provided with 
a constant light source is desirable. A 72 watt 4 volt bulb operated 
from a storage battery will be found satisfactory for this purpose. 
The light source may be diffused with a sheet of ground or opal glass. 
The light source should not be too intense, or the exposures will be 
too short to time accurately. 

Whether the three-color negatives are made by projection or by 
contact printing, it is essential that a scale of neutral densities be 
placed along one side of the color transparency to enable the three 
negatives to be balanced for density and contrast. Such neutral den- 
sity scales are available commercially in different sizes. 

The transmission of the filter elements in screen plates overlap one 
another with the result that green is recorded not only under the green 
but to a certain extent under the red. Red, likewise, is recorded not 
only under the red, but partly under the green, and in like manner blue 
is recorded partly in blue and partly in green. In making three-color 
negatives from a screen plate transparency, it is necessary to com- 
pensate for the overlapping of the filters in the reseau by using filters 
which have narrower transmissions than those of the screen to avoid 
undue loss in brilliance and color saturation. 

In making three-color negatives from Dufaycolor transparencies, 
three special filters, Nos. 15, 25 and 33 are supplied. In making three- 
color negatives from Kodachrome transparencies, the Wratten No. 29 
(red), 61 (green), and 49 (blue) filters are recommended. 

These filters are placed over the lens when making enlarged nega- 
tives, or at some point between the light source and the printing frame 
when printing on contact. 

A fine grain, backed panchromatic film is suitable for making the 
three-color negatives. The exposure ratios and the developing times 
necessary to produce a set of negatives which balance as respects den- 
sity and contrast vary with the light source, the film and the developer 
employed, and must be determined by trial. The scale of densities 
along one side of the negative is used for this purpose as when making 
the three-color negatives directly in the camera. 
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Three-Color Negatives from Finlay Negatives.—Three-color 
separation negatives for prints in any of the subtractive printing proc- 
esses may be made from Finlay negatives by means of two block-out 
screens. These screens have a black and white dot formation so that 
when the screen is registered with the negative the areas representing 
two of the color sensations are blocked out so that only those required 
for that particular separation negative are recorded. One screen is 
used for both the red and the blue printer which is possible by shifting 
the block-out screen to a different position on the negative. The other 
block-out screen is used to make out the yellow printer. 
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Aberrations, 93 
Absorption of light, 74 
Acetone, 290 
Acid fixing baths, 334 
Acid fixing and hardening baths, 334 
Actinometers, 259 
Adurol, 279 
Aerial photography, lenses for, 135 
Agfa color, 526 
Agfa color plate, 40 
Air bells, 362 
Albumen paper, 21 
Alcohol, drying negatives with, 355 
Aldis triplet, 127 
Alkali in development, 288 
Anastigmatic objective, development 
of, 36 
Angle of view, 88 
Antihalation materials, 249 
Antiplanat, 35 
Aplanat, 34, 109 
Aristostigmat, 113 
Aristostigmat, 120 
Aspherical surfaces, 94 
Astigmatism, 96 
conditions necessary for the cor- 
rection of, III 
Aviar, 128 


Back focal length, 83 

Backgrounds, introducing black, 384 

Balancing lens aberrations, 100 

Bellows extension exposure correc- 
tion, 88 

Bichromated colloids, action of light 
on, 475 

insolubilization of by finely di- 

vided silver, 490 

Biotar, I21 

Bis-Telar, 130 

Blocking out of negatives, 383 

Borax, 289 

Borax fine grain developers, 318 
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Borax developers, buffered, 319 
Brightness range of subject, effect on 
developing time of negative, 206 
Brilliance characteristic of color, 227 
Bromide, effect of alkaline in develop- 
ment, 290 
Bromide papers, history of, 22 
Bromoil, 24 
printing, 490 
paper for bromoil, 495 
bleaching the bromide print, 496 
bromide paper for, 495 
pigmenting, 499 
print for, 496 
producing the relief, 498 
Bromoil transfer, 502 
papers for, 503 
preparation of the bromoil, 502 
transferring pigment image, 503 
transferring without press, 504 
Buffered borax developers, 319 


Calotype process, 10 

Camera, elements of, 43 
box, 55 
commercial, 65 
commercial studio, 65 
detective, 27 
folding roll film, 56 
hand, 58 
miniature, 59 
press, 65 
reflex, 27, 62 
studio portraiture, 66 
tricolor, 533 
twin lens, 29, 63 
view, 65 

Camera, historical development of, 25 

Camera obscura, I 

with lens, 2 

Carbon printing, 474 
exposing tissue, 476 
development of tissue, 478 
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sensitizing tissue, 475 
transfer, 478 
Carbro, history of, 24 
on bromide print, 494 
Carbro process, 489 
bromide paper for, 490 
defects, 495 
developing, 494 
making the print, 492 
sensitizing tissue, 491 
transfer, 493 
Carbro, three color process, 553 
development, 555 
making the prints, 554 
preparing celluloid, 553 
sensitizing, 554 
transfer, 556 
Cassar, 127 
Celor, 116 
Chloranol, 283 
Chloroquinol, 279 
Chromatic aberration, 95 
Chromatone process, 541 
Combinable, 114 
Concentric, 35 
Collinear, 114 
Collodio-chloride of silver paper, 21 
Collodion dry plates, 12 
Collodion emulsions, 13 
Color, additive and subtractive, 516 
brilliance, 227 
brilliance curve, 228 
effect of light source on repro- 
duction of, 229 
hue, 227 
reproduction of with photographic 
materials, 228 
saturation, 227 
Color, trichromatic theory, 516 
Color developers, 276 
Color filters, 231 
care of, 240 
choice of, 235 
for color selection, 234 
commercial photography, 237 
contrast, 234 
factors of, 231 
for landscape, 236 


optical properties of, 238 
orthochromatic, 233 
for portraiture, 237 
for three-color photography, 529 
Color photography, additive and sub- 
tractive, 516, 518 
additive and subtractive process 
compared, 527 
historical development of, 37, 38 
lighting in, 538 
screen plate processes, 559 
development of, 39 
subtractive printing processes, 522 
trichromatic theory, 516 
two color processes, 527 
Color sensitizing and color sensitized 
materials, history of, 17 
Color sensitive materials, types, 244 
Color sensitivity, determination of, 209 
Coma, 97 
Contrast of photographic lenses, 104 
Cooke lens, 126 
Curvature of field, 98 
Cut film, method of packing, 241 
tank development, 314 
tray development of, 310 


Dagor, 113 
Daguerreotype process, 9 
Dallon, 130 
Dalmac, 118 
Density, 75 
diffuse, I9I 
exposure relation, 193 
in relation to fog, 192 
measurement of, 187 
reflection, 393 
relations of opacity, transparency 
and, 188 
specular, IQI 
Density differences, effect of develop- 
ment on, 195 
Densitometer, 188 
Eastman, 190 
Marten’s, 189 
Depth of field, 89 
Depth of focus, 90 
Desensitizers, mercuric cyanide, 307 
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phenosafranine, 307 
pinacryptol, 308 
pinacryptol green, 308 
pinacryptol yellow, 309 
Desensitizing, 305 
Developing agents, 272 
history of, 19 
characteristics of principal, 278 
of minor, 282 
fog tendencies, 285 
keeping properties in solution, 283 
rate of exhaustion of, 286 
reducing energy of, 284 
solubility of, 283 
threshold speeds with, 284 
Developing papers, 392 
Developing solutions, effect of use on, 
291 
borax, 318 
contrast, 332 
effect of agitation, 302 
effect of dilution on, 30 
fine grain, 318 
stains with, 360 
testing used, 293 
two bath, 323 
for use at high temperature, 326 
warm tones, 405 
Development, process of, 267 
appearance of over and under, 357 
arithmetical coefficient of, 303 
chemical reaction in ferrous sul- 
fate, 267 
chemical reaction in hydroquinone, 
268 
combined with fixing, 332 
determining time of, 303 
factorial method, 303 
factors affecting time of, 296 
high temperature, 325 
horizontal, 331 
by inspection, 303 
installation for professional, 315 
of lantern slides for warm tones, 
465 
of photographic papers, 404 
physical, 329 
rate of reduction, 268 


stain, 360 
temperature effect of on, 297 
time, 304 
time at various temperatures, cal- 
culating, 208 
tray, 309 
two bath, 323 
velocity constant of, 272 
Diaminophenol, 278 
Diazo printing process, 513 
Diffraction, 101 
DIN speeds, 203 
Diopter, 81 
Distortion, 99 
Dogmar, 116 
Doublet lenses, 107 
Drying, equipment for negatives, 352 
marks, 354 
prints, 409 
rapid, 355 
removing surplus water, 351 
time required for, 353 
Dyes, sensitizing, 146 
cyanines, 149 
erythrosin, 147 
penta carbro cyanines, 154 
pinaflavol, 148 
rhodinane, 148 
tetra carbro cyanines, 154 
tri-carbro cyanines, 154 
Dynar, 128 


Edinol, 282 
Eikoenigen, 282 
Eikonogen, 282 
Ektar, 121 
Emulsification, 140 
Emulsions, additions prior to coating, 
146 
after ripening, 145 
bromo-iodide, 142 
classes of, 139 
coating machinery, 160 
color sensitizing of, 146 
hydrogen ion concentration effect 
of, 144 
silver bromide grain of, 162 
supports for negative purposes, 
history of, 16 
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preparation of the support, 159 
washing of, 144 
Entrance pupil, 85 
Equivalent focal length, 83 
Euryplan, 127 
Exit pupil, 85 
Exposure, theory of, 258 
appearance of over and under, 357 
assignment of printing by meas- 
urement of negative character- 
istics, 427 
correction for bellows extension, 
88 
factors influencing, 258 
required to stop motion, 264 
latitude, 264 
-tolerance in, 200 
Exposure meters, 259 
photocell, 261 
visual, 260 
Exposure scale of negative materials, 
208 


F/Number, 86 
Ferroprusiate process, 507 
preparation of paper, 508 
Field, depth of, 89 
Film, cut, 241 
Film, roll, 242 
Film holders, 44 
Film pack, principle of, 243 
Filter factors, 231 
in color photography, 539 
determination of, 232 
Filters, color, 231 
viewing, 235 
Finders, 45 
Fine grain developers, borax, 318 
glycin-paraphenylene, 321 
paraphenylene, 320 
Finlay plate, 40 
Fixing, the chemistry of, 333 
development after, 170 
of prints, 407 
silver recovery, 344 
time of, 343 
influence of ammonium chloride 
on, 343 


Fixing baths, 334 
acid, 334 
acid hardening, 334 
chrome alum, 336 
effective use of, 339 
hardening of gelatin in, 338 
preparation of, 337 
recovery of silver from, 344 
testing hardening properties, 
337 
testing used, 341 
useful life, 340 
Flare in lenses, 105 
Focal length, back, 83 
equivalent, 83 
front, 83 
for portrait work, 132 
Focal plane shutters, 49 
Focus, depth of, 90 
Focusing devices, 44 
Fog, sources of, 358 
Formaldehyde, 290 


Gamma, 195 
calculation of, 196 
determining time of development 
for, 198 
infinity, 200 
effect of gamma product on tone 
reproduction, 219 
Gamma meter, 196 
Gaussian lenses, wide angle, 121 
Gaspar color, 526 
Gelatin, 137 
hardening of by alum, 335 
hardening of in fixing baths, 338 
as a protective colloid, 138 
requirements for photographic 
processes, 130 
effect on sensitiveness, 138 
Gelatin emulsions, 13 
Gelatino-chloride silver paper, 22 
Glass plates, method of packing, 241 
tray development, 310 
Globe lens of Harrison, 33 
Glycin, 279 
Gold toning, of sulphided prints, 443 
Graininess, 317 
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factors affecting, 317 
reducing in projection printing, 
424 
Grubb’s single lens, 106 
Gum pigment process, 481 
coating paper, 483 
exposure and development, 484 
multiple printing, 485 
preparing the paper, 481 
sensitizing paper, 482 


H & D speeds, 204 
practical limitations of, 206 
Halation, cause of, 248 
factors affecting, 249 
methods of preventing, 249 
Hektor, 127 
Heliar, 128 
Holostigmat, 114 
Homocentric, 120 
Hurter and Driffield, 195 
Hydrogen peroxide, effect on emul- 
sions, 169 
Hydroquinone, 278 
Hypar, 111 
Hyperfocal distance, 91 
Hypergon, 134 
Hyperion, 108 
Hypo, reactions with silver halide in 
fixing, 333 
eliminators, 351 
rate of elimination by washing, 
348 
tests for, 349 
Hypo eliminators, 351 


Intensification, 373 
of lantern slides, 468 
local, 380 
of prints, 414 
sensitometry of, 379 
Intensifiers, chromium, 375 
- mercury, 376 
mercuric iodide, 378 
mercury single solution, 377 
miscellaneous, 378 
silver, 374 
Image, optical characteristics of, I91 


reversal of, 363 
Imbibition printing, wash-off-relief, 
550 
masking methods, 552 
Index of refraction, 70 
table of, 71 
Infrared materials, 247 
infrared photography, 247 
Intensity scale, 181 
Intermittency effect, 179 
Iodide, effect of in emulsions, 142 
Iron salts, printing process based on, 
505 
Irradiation, 248 


Kallitype, 511 
Kinoplan, 127 
Kodak film tank, 311 
Kodachrome, 41, 525 
Kodacolor, 41 


Lantern slides, 463 
binding, 469 
developers and development 
of, 464 
direct in the camera, 469 
exposing by contact, 464 
fixing, washing and drying 
of, 465 
intensification and reduction 
of, 468 
masking, 469 
by reduction, 465 
sensitive materials for, 463 
varnishing, 468 
warm tones by development, 
465 
Latent photographic image, 169 
artificial, 169 
fading of, 172 
effect of oxidation on, 170 
reversal of, 171 
Latent image, theories of, 172 
colloid silver theories, 173 
disintegration theory, 173 
molecular strain theory, 173 
sub-halide theory, 173 
photo-conductivity theory, 174 
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Latitude of sensitive materials, 208 
latitude processing, 199 
Leica, 29 
Lens aberrations, 93 
Lens flare, 105 
Lenses, historical, 30 
for commercial photography, 132 
contrast of, 104 
double, 107 
five glass cemented symmetrical, 
115 
four glass cemented symmetrical, 
114 
Gauss type, I19 
loss of light in, 102 
for portrait work, 131 
for reproduction processes, 135 
for projection printing, 422 
single achromatic, 106 
soft focus, 108 
symmetrical air space, II5 
three glass symmetrical, 113 
triplet, 126 
triplets with cemented rear ele- 
ments, II7 
vignetting of, 103 
wide-angle, 121, 133 
Light, nature of, 60 
reflection of, 70 
refraction of, 70 
velocity of, 70 
Light source, effect of on reproduction 
of color, 229 
spectral distribution of vari- 
ous, 229 
for projection printing, 418 


Magnification produced by a thin 
lens, 80 
Metol, 279 
Metoquinone, 283 
Mirror, spherical, 76 
Monomethylparaminophenol, 279 
Mounts for prints, types of, 454 
commercial, 458 
double, 458 
embossed, 457 


line mount, 456 

slip-in mount, 457 
Mounting, dry, 460 

with paste, 459 

on cloth, 461 
Mutac, 108 


Negative defects, 356 
airbells on, 362 
frilling of emulsion, 363 
spots, 363 
stains on, 360 
Negatives, adding titles to, 384 
blocking, 383 
duplicate, 470 
enlarged, 472 
illumination of in projection print- 
ing, 418 
introducing black backgrounds on, 
384 
paper, 472 
reduction of, 365 
retouching portrait, 385 
stripping, 390 
working in backgrounds, 391 
varnishing, 389 
Negative material, forms of, 241 
requirements of 3 color, 529 
safelights for, 254 
Negative development, factors affect- 
ing time of, 296 
sensitometric control of, 294 
Negative processes on glass, II 


Objective, development of, 30 

Omnar, 120 

Opacity, 74 

Opic, 120 

Optical wedge, 181 

Orthar, 113 

Orthochromatic filters, 233 

Orthochromatic materials, types of, 
244 

Orthochromatic reproduction, 233 

Orthoscope lens of Petzval, 36 

Ortol, 282 

Ozobrom, 24 
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Panchromatic materials, types of, 246 
Paper, adapting to negative, 397 
brightness range of photographic, 
394 
characteristics of photographic, 
393 
contrast of, 395 
exposure scale of photographic, 
396 
factors determining color of 
image on, 405 
quality of photographic, 396 
sensitometry of, 393 
tone reproduction on, 223 
Paraminophenol, 279 
Paraphenylenediamine, 280 
developers, 322 
Periscope of Steinheil, 33 
Phenosafranine, 306 
Photocell exposure meters, 261 
Photo chemistry, early, 3 
Photochromoscope, 519 
Photogenic drawing, process of, Io 
Planar, 119 
Plasmat, 123 
Plastigmat, 108 
Platinotype, 505 
history of, 22 
Polarized light, 74 
Portrait work, lenses for, 131 
sensitive materials for, 250 
Powder printing process, history of, 
25 
Preservative, 286 
Principal points, 83 
Print, developers and development, 
404 
modification of developer to alter 
contrast, 405 
drying, 400 
exposing, 397 
fixation of, 407 
mounting, 454 
reduction and intensification of, 
414 
reproduction, 413 
rush, 412 
spotting, 461 


trimming, 452 
varnishing, 462 
vignetting, 403 
washing of, 408 
water proofing, 462 


Print driers, 411 


machines, 398 


Printing process, bromoil, 490 


carbon, 474 

carbro, 489 

chromium, history of proc- 
esses, 23 

cyanotype, 509 

diazo, 513. 

ferroprusiate, 507 

gelatino-chloride P-O-P, 22 

gum bromide, 486 

gum pigment, 481 

gum platinum, 486 

utilizing iron salts, 505 

kallitype, 511 

miscellaneous pigment, 486 

palladiotype, 513 

platinotype process, 505 

powder, 487 

with silver salts, development 
of, 21 

Van Dyke, 510 


Printing processes, subtractive for 


color photography, 522 
carbro, 553 
chromatone, 541 
polychromide, 557 
wash-off-relief, 545 


Printing, projection, 416 


condensing lenses, 419 
control in, 430 
diffusion of the image in, 431 
equipment, 416 
exposing, 426 
focusing, 426 
illumination of negative, 418 
illumination and print quality, 
421 
introducing clouds, 429 
lenses for, 422 
light sources, 418 
adjusting light source, 425 
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negatives for, 424 

papers for, 423 

from wet negatives, 432 
Processing at high temperatures, 325 
Processing machine, for roll films, 316 
Protar, Rudolph’s early, 125 
Protar 7a, 114 
Pyrocatechin, 282 
Pyrogallol, 281 


Radiar, 118 
Radionar, 127 
Rapid rectilinear, 34 
Reciprocity effect, 178 
Reflection of light, 70 
by a spherical surface, 76 
Reflex camera, development of, 27 
Refraction of light, 70 
from a spherical surface, 77 
Relative aperture, 86 
experimental method of de- 
termining, 87 
Relative humidity, influence on rate of 
drying, 354 
Reproduction of tone, 212 
orthochromatic, 233 
Reproduction curves, an analysis of, 
222 
Resolving power, 100 
Reticulation, 364 
Reducing paste, 381 
Reducers, types of photographic, 365 
Belitzski, 370 
copper, 369 
ferricyanide and cyanide, 
368 
ferricyanide hypo, 365 
iodine cyanide, 368 
iodine hypo, 369 
permanganate, 369 
persulphate, 372 
proportional, 370 
sulfocyanide, 368 
super-proportional, 371 
Reduction, photographic, 365 
coccine, 381 
of lantern slides, 468 
local, 380 


of prints, 414 
Retouching portrait negatives, 385 
Rodinal, 280 
Roll film, principle of, 242 
daylight tank development, 311 
machinery for development 
of, 316 
tanks for quantity develop- 
ment of, 315 
tray development of, 310 


Safelights for negative materials, 254 
testing, 256 

Schwarzschild effect, 179 

Screen plates, principles of, 519 
Autochrome, 561 
Dufaycolor, 565 
duplication of, 571 
Filmcolor, 561 


Finlay, 572 

sources of failure with, 560, 
575 

three-color negatives from, 
576 


Ultracolor, 563 
varnishing and binding, 569 
viewing and projecting, 570 
Sensitivity, measurement of, 201 
spectral, 200 
Sensitive materials, for commercial 
photography, 253 
direct copy, 254 
for duplicate negatives, 470 
fine grain, 253 
for landscape, 252 
latitude of, 208 
non-halation, 248 
for portraiture, 250 
for press work, 250 
for process work, 252 
storage of, 244 
for three-color photography, 
536 
Sensitizing dyes, classes of, 147 
nuclei, 176 
Sensitometry, definition and scope of, 
178 
of photographic papers, 393 
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control of processing, 294 
Sensitometer, Eastman II-B, 184 
Serrac, 118 
Shutters, speed and efficiency of, 51 

types of, 47 
Sigmar, III 
Silver chloride, darkening of observed 

by Fabricus, 3 
by Scheele, 3 
by Schulze, 3 
Silver chloride developing papers, in- 
troduction of, 22 
Silver grains, effect of average size on 
color of image, 405 
Silver halides, visible darkening of, 
168 
precipitation of in gelatin, 140 
selective reduction of in de- 
velopment, 268 
Silver halide grain, sensitivity of, 163 
Single lenses, 106 
Sliding front, 55 
Snell’s law, 70 
Sodium carbonate, 289 
Sodium sulfite, 286 
factors determining quantity 
required, 287 
theory of protective action in 
developers, 286 
Spherical aberration, 94 
Spherical mirror, 76 
Spherical surface, refraction at, 77 
Spectrograph, wedge, 210 
Spectro sensitivity, 209 
Squeege tins, drying prints on, 410 
Stains, dichroic, 361 

green, 362 

oxidation, 360 

silver, 361 

sulphur, 362 

yellow, 361 
Stripping negatives, 390 
Subtractive printing processes, 522 

carbro, 553 

chromatone, 541 

polychromide, 557 

wash-off-relief, 545 
Sulphur toning process, the print, 434 
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acid hypo, 438 
direct sulphide baths, 439 
hypo alum, 435 
indirect, 440 
poysulphide, 438 
reduction of images, 444 
Swing back, 52 
for increasing depth of field, 
53 
Swing front, 54 
Symmar, II3 
Syntor, 116 


Tanks, for cut film, 313 
for film pack, 313 
open, 315 
professional, 314 
for roll film, 312 
washing, 347 
Telecentric lens, 37 
Telephoto objective, development of, 
36 
Tele-objectives, 129 
Temperature, coefficient, 297 
calculating, 298 
Thick lens, in air, 82 
combinations of, 84 
Thin lens in air, 78 
systems of, 81 
types of, 79 
Tessar, I17 
Titling negatives, 384 
Time gamma curve, 197 
Time scale, 182 
Three-color negatives, 529 
development, 540 
exposing negatives, 531 
filter factors and expo- 
sure, 539 
from Finlay negative, 578 
lenses for, 538 
reference object, 539 
requirements of, 520 
from screen plates, 576 
sensitive materials for 
536 
Tone reproduction, 212 
graphical solution of, 220 
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on printing papers, 223 
Toning of silver images, 434 
copper, 446 
dye, 448 
gold, 443 
hydrosulphide, 445 
mercury sulphide, 446 
selenium, 445 
sulphur, 434 
tin, 444 
uranium, 447 
vanadium, 448 
‘Transparencies, 463 
developers and development of, 
464 
fixing, washing and drying, 465 
warm tones by development, 465 
Tricolor cameras, 533 
Trioplan, 127 
Triotar, 127 
Tripacks, 532 
integral, 524 


Van Dyke process, 510 
Varnishing negatives, 389 
of lantern slides, 468 
Velocity of light, 70 
Velostigmat, 118 


Verito, 108 
Vignetting, 403 
of lenses, 103 


Washers, negative, 347 
print, 408 
Washing, tests for completion of, 349 
of prints, 408 
time of, 348 
water supply, 347 
Wash-off-relief process, 545 
bleaching the positives, 547 
dyeing, 548 
making the positives, 546 
preparation of paper, 550 
transferring the blue-green 


image, 551 

transferring the yellow im- 
age, 551 

transferring the magenta im- 
age, 550 


Wave character of light, 72 
Wave front theory of light, 73 
Wave length of light, 72 

Wet Collodion process, 11 


Yellowish opalescence, 361 
Yellow stain, 361 
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